
r) " Nmlon.1 Aeronautics and SptlC8 Aciminillralion 

1 .. -
Lyndon B. Johnson Space Cenlar ORDER FOR SUPPLIES OR SERVICES Page! of 1 
Houston, TX 77068 
1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HBo4OB, D020R3 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing OlTice: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation OlTicer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IM,rv Thomas Houston, TX 77058-3696 

Mark For: Account.ble Property 

Tel No.: 2111~!m~8 Fax: <l!!1-~44-Q!!~ Order No.: t,!NJ05H§o4O§ CRAVE-EC§:Q02OR3 
E-mail: marv.flho nov 
5. Contractor: 6. Deliver On or Before: Maoo!l12 ~Q7 to JUDI! 3 2OQ!! 

F.O.B. Point: DESTINATION 
Oceaneering Space Systems 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: (281) 228-5371 x Fax: (281) 228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE-EC5-D020R3 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except forthe Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is subject to 
Reference: -- instructions contained on this form and is issued subject to the 

terms and conditions of contract number: --
9. Written acceptance of this order by contractor [0 1 is, [~ 1 is not 10. Name: Ronald Johnson 

required. Sign below if required and return to contracting olTicer. 

Narne: __ (Person authorized to sign) 

Signature: -fO>V1(lla.iftAAb..Date: rJnIo f Signature: Date: --
CONTRACTh"." ur-r ICER 

11. Schedule :J 

ITEM 
DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO. ORDERED PRICE ACCEPTED 

LlGHlWEIGHT I LOW-PROFILE BEARING ASSEMBLIES 

1 0020, Rev. 31s Issued to change the Statement of Work to add Pro-E Lot 101-
models oUhe major bearing components for the wrist, arm, and seve, 
eKiend completion date, and increase DO value. 

Period of Perform.nce: 3112107 to 6/3/08 

RECAP DO VALUE: PRIOR THIS ACTION CUM VALUE 

COST 
Io~ ,btf 1::>'1 

FEE 

TOTAL $567,057 $9,020 $576,077 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
Rissue To: EC/Joe Gensler, x30025 For: EC/Lind§a~ Aitchison, x38657 

$ 576,077 NTE 

14. Quantities in "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BEAT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1<429 (Rav Novambar 10, 200<4) (MS Word August 1995) 
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_I Mmnautica lind Spooce Adminlatllllion 
Lyndon B. Johnson Sp_ Cent.r ORDER FOR SUPPLIES OR SERVICES Page 10f 1 
HoUIIIon, TX 770511 

1. Order No. 
NNJ05HB<IOB, D020R 2 

3. Issuing OlTice: 

2. Date of Order 
See Block 10 Below 

NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2!Mary Thomas 

Tel No.: 281-4§3..!!!!28 
E-mail: mary .. 
5. Contractor: 

Oceaneering Space Systems 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: (281) 228-5371 x 

TIN: 115-2628227 

8. Type of Order: 

Fax: 281-483-~173 

Fax: (281) 221h5545 

CAGE CODE: 2F262 

o PURCHASE: Please furnish the following in 
accordance with the conditions specifiea on this order. 
Reference: __ 

NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
4. Ship To: 

Transportation OlTicer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Accountable Property 

Order No.: NNJQ5HB<IOB CBAVE-EC5-D02OR2 

6. Deliver On or Before: March 12 2007 to May 16. 2008 

F.O.B. Point: DESTINATION 

Discount Tenns: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: NNJ05HB40B, CRAVE-EC5-D020R2 

o DELIVERY: Except for the Tenns and Conditions of Purchase 
Order listed on the following page, this delivery order is subject to 
instructions contained on this fonn and is issued subject to the 
tenns and conditions of contract number: __ 

9. Written acceptance ofthis order by contractor [0 I is, [~ I is not 
required. Sign below if required and return to contracting olTicer. 

10. Name: Ronald Johnson 

Name: __ (Person authorized to sign) 

Signature: Date: __ Signature: ~a..J a1~A~L Date: J.J,jlJ)/ (.) ] 
CONTRACT!PfG OFFICER 

I1EM 
NO. 

11. Schedule 

OESCRIPTION 

LlGHlWEIGHT 1 LOW-PROFILE BEARING ASSEMBLIES 

D02O, Rev. 2 is Issued to extend the period of performance to May 16, 
2006 at no addftional cost to the Government. The total delivery order 
value remains at $567,057. 

Period of Performance: 3112107 to 5116108 

12. For JSC Internal Use Only: 

QUANTITY 
OROERED 

UNIT 

(J 

UNIT 

PRICE 

Requisition No.: N/A o COMPo 0 PART. PPC: __ 

Rissue To: EC/Joe Gensler. x30025 

14. Quantities in "Quantity Accepted" Column Have Been o INSPECTED 0 ACCEPTED 0 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

JSC Form 10429 (Rev November 10, 20004) (MS Word August 19115) 

For: EC/Lindsay Aitchison, x38657 

RECEIVED 

BY: 

Authorized U.S. Government Representative 

AMOUNT 

13. Total 

QUANTITY 
ACCEPTED 

$ 567,057 NTE 

Date 



...I -. 
NaHonal Aeronautics and Space Administration 

ORDER FOR SUPPLIES OR SERVICES Page lof 34 Lyndon B. Johnson Space Center 
Houston, TX 77058 

1 .. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJOSHB40B, D020R1, Options See Block 10 Below 
1-3 Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org./Buyer: BH2!Marv Thomas Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No.: 2!!1-483-8828 Fax: 281-483-~lZ3 Order No.: N!!!J05HB40B QBAVE-EC5-Q02QB1 OmiQnsl-3 
E-mail: marv"f.thomasil'llnasa.Clov 
5. Contractor: 6. Deliver On or Before: M~r!lh 12 20QZ IQ Marllh 1 ~ 20~ 

F.O.B. Point: DESTINATION 
Oceaneering Space Systems 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: (281) 228-5371 x Fax: (281) 228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE-EC5-D020R1, Options 1-3 

8. TYpe of Order: 

0 PURCHASE: Please furnish the following in D DELIVERY: Except for the Terms and Conditions of Purchase 
_ accordance witt.l-~nditions specified on this order. - Order listed on the folloWing page, this d~live!y <?rder is subject to 
Reference: __ instructions contained on this form and is ~lJed subject to the -

terms and conditions of contract number. --
-

9. Written acceptance of this order by contractor [0 ) is, (181) is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting officer. 

Name: __ (Person authorized to sign) fn 0 7 ,~-
Signature: Date: -- Signature: IVW .nO" '~j A A~Alate: ~()7 

- _~urIiIRACTIN')oj OFFICER' . 
11. Schedule I 

ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 
NO. ORDERED PRICE ACCEPTED 

LIGHTWEIGHT 1 LOW-PROFILE BEARING ASSEMBLIES 
0020, Rev. 1 Is Issued to exercise Options 1, 2, and 3. The contractor 
shall perform and deliver-to ali reQuirements of Options 1. 2. and 3 as 
d~rlbed In the attached Statement of Work. 

1 Option 1 - Fabrication and Test of lightweight/Low Profile Wrist Bearings Lot and Disconnects }if 2 Option 2 - Fabrication and Test of Lightweight/Low Profile Scye and Lot Upper Arm Bearings 
3 Option 3 - Fabrication and Teatlng of Lightweight/Low Profile Waist Lot Bearing 

Period of Performance: 3112107 to 3114108 

Prior Value: $141,981; This action: $425,096; Cum. total: $567,057. This 
Is a CPFF delivery order. 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
RissueTo: EC/Joe Gensler, x30025 For. EC/Lindsa:t Aitchison, x38657 

$ $425,096 

14. Quantities in "Quantity Accepted" Column Have Been 

D INSPECTED D ACCEPTED D RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1429 (Rev November 10, 200<1) (MS Word August 1995) 



CREW, ROB~ AND VEHICLE EQUIPMENT (CI""·b CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

OPTIONl 

OPTION 1 TITLE: Fabrication and Test of LightweightILow-profIle Wrist Bearings and 
Disconnects 

Purpose of the Current Effort 

After receiving approval to proceed to Option 1 of the task, the contractor will use the designs 
from base contract to fabricate and test bearings. The contractor will be responsible for testing 
all bearings to ensure that requirements have been met. The contractor will deliver a final report 
to detail all findings. 

Task Description: 

Form Team 

Form a team that has the personnel required to track and perform the trade study and designs 
detailed below. The team is to be limited in the number of people to those who are required to 
form an effective team. The team shall solicit the input of expertise outside the team as needed 
to accomplish the task at hand. 

The contractor is to plan to accomplish the entire job without dependence on NASA effort. 
NASA effort will provide expertise and additional depth of study and prototype design but shall 
not be planned into the critical task to accomplish the project requirements. The potential 
availability of Government participants for this task is the same as listed in the base contract 
Schedule Project 

Develop a schedule detailing the contractor's plan for prototype design, analysis, and 
manufacturing process and anticipated milestone dates within the given project period. 

Develop Task Assignments 

Identify all the activities that must be performed for each milestone. Task assignments must be 
made for the core team. For each activity: estimate work effort necessary for each activity; 
identify all the people who will be affected by each activity; determine how they should be 
involved in the work; estimate work duration for each activity in calendar time. 

Fabricate and Test LightweightILow-profIle Bearings 

Given the results of the various trade studies and the design concepts developed in the base 
contract, and NASA input or requested changes, the Contractor shall design, analyze, generate 
electronic models, generate complete fabrication drawings, fabricate, assemble, PDA test, and 
deliver lightweight / low-profile bearings (wrist disconnects and wrist bearings) for evaluation 
testing. The focal points of the lightweight / low-profile bearings design and fabrication shall 

2 



CREW, ROB~ AND VEHICLE EQUIPMENT (CdI±i) CONTRACT 
SOW_Revision :1 

CRA VE-EC5-D020Rl 

include the results of the various trade studies, the design decisions made by NASA at the end of 
the base contract, and the lightweight / low-profile bearings requirements supplied with this DO. 
If the Government requires changes to be made to the design proposed in the base contract, these 
changes will be addressed at the kick-off meeting for Option 1. An informal design review to 
approve the changes to the original design will be held four weeks after the kick-offmeeting, if . 
necessary. The wrist bearings and wrist disconnects shall implement the hole pattems and critical 
interface dimensions of the EMU Low-torque Wrist Bearing and EMU wrist disconnect per the 
drawings found in the Technical Library. 

Following the fabrication of the bearings and disconnects, the contractor will conduct all 
necessary tests to ensure that all requirements have been met per the attached requirements 
document, "Functional Requirements for Lightweight / Low-profile Bearing Assembly." The 
test plan and test results will be included in the Verification Data Package (VDP). 

Should the Government elect to enact multiple options concurrently, the Contractor shall propose 
a schedule for the completion of each deliverable in the options. The proposed schedule- and 
any potential modifications- will be discussed and agreed upon by NASA and the Contractor at 
the Options kick-off meeting. 

Progress Reports 

The contractor will be required to provide NASA weekly email progress status briefs (specific 
content to be defined by NASA paC) detailing the current status of their work, what has been 
accomplished, what work is planned for the next month, what issues/problems/risks (if any) have 
arisen, and their plan to mitigate any issues/problems/risks. Additionally, the contractor will 
participate in weekly telecons to address issues as they arise. 

Generate Final Report 

The contractor is to generate and publish a report detailing their lightweight / low-profile bearing 
design, all component fabrication procedures, all component and assembly work instructions, 
assembly/maintenance instructions, operations instructions, test plan, test results, the limitations 
or unique performance characteristics of the lightweight / low-profile bearings, and their 
findings/conclusions. 

Conduct Final Report Presentation 

The contractor is to conduct a formal presentation to NASA detailing their lightweightllow
profile bearing design, assembly/maintenance instructions, operations instructions, test results, 
what if any are the limitations or unique performance characteristics of their lightweight / low
profile bearing, and their findings/conclusions. The contractor will handover hardware and all 
other products of the DO at this time. 

3 



CREW, ROBO' , AND VEmCLE EQUIPMENT (cRlI Hb CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

Deliverables/Products: 

Pair (left and right) of wrist disconnects 2 left, IIIW 
2 right (I.e. 

controlled 
Class 

Pair (left and right) of wrist bearings 2 left, IIIW 
2 right (I.e. 

controlled 
Class III) 

Set of wrist bearing test plugs 1 

Set of wrist bearing test plugs 1 

Extra units of all limited life components used in 2 sets IIIW 
bearings (e.g. seals, gaskets, screws, key inserts, (1 set (I.e. 
etc.) for left, controlled 

one set 
for 

Class III) 

right) 
ea. 

4 



CREW, ROB~ AND VEHICLE EQUIPMENT (C.) CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

Test 

Verification Data The Verification Data Package shall consist of the 3EA 
Package following: paper 

1) Component List and 
2)Verification Compliance Table (details how the CD 
design meets each requirement) (PDF 
3) Verification Test Plan and 
4) Verification Test Data Sheets (i.e. the results Word 
of the verification testing) format) 
5) Functional Equipment Historical Record (JSC 
Form 772) 
6) Limited Life List 
7) Shipping Document (D0250) 
8) All associated construction, assembly, testing 
and control TPSs 
9) All associated MRBs and DRs 
10) Serialized Component and replacement 
record 
11) Repair Limitations 
12) Any special instructions for storage, handling, 
and maintenance 
13) MSDS Sheets . 

Software N/A 

Other Products 

LightweightILow- A well documented report detailing the bearing 3EA 
profile Bearing design, summarization and interpretation ofVDP paper 
Design and results, all component fabrication processes, and 
Fabrication Report assembly/maintenance instructions, operations CD 

instructions, test plan and procedures, test results, (PDF 
what if any are the limitations or unique and 
performance characteristics their Lightweight I Word 
Low-profile Bearing Design, and their format) 
conclusions 

Materials Usage List A list which details all the materials the 3EA 
Contractor used in the fabrication of 
lightweight/low-profile bearings 

Electronic models All electronic models (ProlE) of bearing 3EA 
hardware CDs 

Drawings, Patterns, All drawings, patterns, and tooling used in the 3EA 
and Tooling fabrication of bearing hardware 

Build Paperwork All work instructions and procedures developed 3EA 
for the fabrication and assembly of the bearing 
hardware 

5 

N/A 

N/A 

N/A 

N/A 

N/A 



CREW, ROBO~ AND VEHICLE EQUIPMENT (call~) CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

Acceptability for Use Memo stating bearings are rated for manned use 3EA 
Memo with supporting data and justifications 

SCHEDULE 

Finish Date: November 2~ 2007 

Kick-off Meeting 
Informal Design Review (if required) 
Test Plan and Procedure Delivery 
First Article Review 
Test Review at Contractor Facility 
Final Report Delivery 
Final Presentation 

1 
5 
15 
20 
30 
38 
39 

N/A 

Milestones, along with subjective measurements, are to be used for measuring 
performance. For schedule detail see Microsoft Project me located on the CRAVE web site 
for this DO listed under the Government Cost Estimate below. 

6 



CREW, ROBOHi AND VEHICLE EQUIPMENT (cJ lli) CONTRACT 
SOW_Revision 2 

CRA VE-ECS-D020Rl 

DATA REOUIREMENTS 

All DRs contained in the contract are applicllble and required unless marked Nt A below. 

NOTES: 1. GREY SCALED ROWS NEED NO ADDITIONALfREQUIREDFILL-INS. 
2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 

"'nJl"'''' IN LAST COLUMN. 

N 

N 

N 

y 

N 

N 

N 

N 
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CREW, ROBO~ AND VEmCLE EQUIPMENT (cJlJlJ:Y) CONTRACT 
SOW_Revision 2 

CRA VE-ECS-D020Rl 

8 



CREW, ROBO' ...; AND VEHICLE EQUIPMENT (C.J l~.jb CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

9 



CREW, ROBO~ AND VEHICLE EQUIPMENT (c.JI.W) CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

CHANGES TO DRDs: NONE 

CHANGES TO GOVERNMENT FURNISHED PROPERTY: NONE 
(IF YES, THEN INSERT GOVERNMENT FURNISHED PROPERTY TABLES) 

10 



CREW, ROBO.J-l.lll* AND VEHICLE EQUIPMENT (Cd lli) CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

OPTION 2 

OPTION 2 TITLE: Fabrication and Test of LightweightILow-profile Scye and Upper Arm 
Bearings 

Purpose of the Curreut Effort 

After receiving approval to proceed to Option 2 of the task, the contractor will use the designs 
from base contract to fabricate and test bearings. The contractor will be responsible for testing 
all bearings to ensure that requirements have been met. The contractor will deliver a final report 
to detail all findings. 

Task Description: 

Form Team 

Form a team that has the personnel required to track and perform the trade study and designs 
detailed below. The team is to be limited in the number of people to those who are required to 
form an effective team. The team shall solicit the input of expertise outside the team as needed 
to accomplish the task at hand. 

The contractor is to plan to accomplish the entire job without dependence on NASA effort. 
NASA effort will provide expertise and additional depth of study and prototype design but shall 
not be planned into the critical task to accomplish the project requirements. The potential 
availability of Government participants for this task is the same as listed in the base contract 
Schedule Project 

Develop a schedule detailing the contractor's plan for prototype design, analysis, and 
manufacturing process and anticipated milestone dates within the given project period. 

Develop Task Assignments 

Identify all the activities that must be performed for each milestone. Task assignments must be 
made for the core team. For each activity: estimate work effort necessary for each activity; 
identify all the people who will be affected by each activity; determine how they should be 
involved in the work; estimate work duration for each activity in calendar time. 

Fabricate and Test LightweightILow-proflle Bearings 

Given the results of the various trade studies and the design concepts developed in the base 
contract, and NASA input or requested changes, the Contractor shall design, analyze, generate 
electronic models, generate complete fabrication drawings, fabricate, assemble, PDA test, and 
deliver lightweight / low-profile bearings (scye bearings and upper arm bearings) for evaluation 
testing. The focal points of the lightweight / low-profile bearings design and fabrication shall 

11 



CREW, ROBOHW AND VEHICLE EQUIPMENT (Cd J.i) CONTRACT 
SOW Revision 2 

CRA VE-ECS-D020Rl 

include the results of the various trade studies, the design decisions made by NASA at the end of 
the base contract, and the lightweight / low-profile bearings requirements supplied with this DO. 
If the Government requires changes to be made to the design proposed in the base contract, these 
changes will be addressed at the kick-off meeting for Option 1. An informal design review to 
approve the changes to the original design will be held four weeks after the kick-off meeting, if 
necessary. The bearings shall implement the hole patterns and critical interface dimensions 
provided at ATP on Option 2. Examples of current hole patterns are listed in the Technical 
Library. 

Following the fabrication of the bearings, the contractor will conduct all necessary tests to ensure 
that all requirements have been met per the attached requirements document, "Functional 
Requirements for Lightweight / Low-profile Bearing Assembly." The test plan and test results 
will be included in the Verification Data Package (VDP). 

Should the Government elect to enact multiple options concurrently, the Contractor shall propose 
a schedule for the completion of each deliverable in the options. The proposed schedule- and 
any potential modifications- will be discussed and agreed upon by NASA and the Contractor at 
the Options kick-off meeting. 

Progress Reports 

The contractor will be required to provide NASA weekly email progress statUs briefs (specific 
content to be defined by NASA POC) detailing the current status of their work, what has been 
accomplished, what work is planned for the next month, what issues/problems/risks (if any) have 
arisen, and their plan to mitigate any issues/problems/risks. Additionally, the contractor will 
participate in weekly telecons to address issues as they arise. 

Generate Final Report 

The contractor is to generate and publish a report detailing their lightweight / low-profile bearing 
design, all component fabrication procedures, all component and assembly work instructions, 
assembly/maintenance instructions, operations instructions, test plan, test results, the limitations 
or unique performance characteristics of the lightweight / low-profile bearings, and their 
findings/conclusions. 

Conduct Final Report Presentation 

The contractor is to conduct a formal presentation to NASA detailing their lightweightllow
profile bearing design, assembly/maintenance instructions, operations instructions, test results, 
what if any are the limitations or unique performance characteristics oftheir lightweight / low
profile bearing, and their findings/conclusions. The contractor will handover hardware and all 
other products of the DO at this time. 

12 



CREW, ROBOilW AND VEHICLE EQUIPMENT (C.J ~ I) CONTRACT 
SOW_Revision 2 

Hardware 

Test 

Verification Data 
Package 

Software 

CRA VE-ECS-D020Rl 

Deliverables/Products: 

Pair (left and right) of upper arm bearings 

Pair (left and right) of scye (shoulder) bearings 

Set of upper arm bearing test plugs 

Set scye of bearing test plugs 

Extra units of all limited life components used in 
bearings (e.g. seals, gaskets, screws, etc.) 

Data 
following: 
I) Component List 
2)Verification Compliance Table (details how the 
design meets each requirement) 
3) Verification Test Plan 
4) Verification Test Data Sheets (i.e. the results 
of the verification testing) 
5) Functional Equipment Historical Record (JSC 
Form 772) 
6) Limited Life List 
7) Shipping Document (DD250) 
8) All associated construction, assembly, testing 
and control TPSs 
9) All associated MRBs and DRs 
10) Serialized Component and replacement 
record 
11) Repair Limitations 
12) Any special instructions for storage, handling, 
and maintenance 

Sheets 

N/A 

13 

2 left, 
2 right 

2 left, 
2 right 

I 

I 

2 sets 
of ea. 

3EA 
paper 
and 
CD 

(PDF 
and 

Word 
format) 

IIIW 
(i.e. 

controlled 
Class Ill) 

IIIW 
(i.e. 

controlled 
Class III) 

IIIW 
(i.e. 

controlled 
Class Ill) 



CREW,ROBO.S AND VEHICLE EQUIPMENT (CRA') CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

Other Products 

LightweightlLow- A well documented report detailing the bearing 3EA 
profile Bearing design, summarization and interpretation ofVDP paper 
Design and results, all component fabrication processes, and 
Fabrication Report assembly/maintenance instructions, operations CD 

instructions, test plan and procedures, test results, 
what if any are the limitations or unique 
performance characteristics their Lightweight / 
Low-profile Bearing Design, and their 
conclusions 

Materials Usage List A list which details all the materials the 3EA 
Contractor used in the fabrication of 
lightweight/low-profile bearings 

Electronic models All electronic models (ProlE) of bearing 3EA 
hardware CDs 

Drawings, Patterns, All drawings, patterns, and tooling used in the 3EA 
and Tooling fabrication of bearing hardware 

Build Paperwork All work instructions and procedures developed 3EA 
for the fabrication and assembly of the bearing 
hardware 

Acceptability for Use Memo stating bearings are rated for manned use 3EA 
Memo with supporting data and justifications 

SCHEDULE 

Start Date: December 3, 2007 Finish Date: May 23, 2008 

Kick-off Meeting 1 
Informal Design Review (if required) 5 
Test Plan and Procedure Delivery 8 
First Article Review 15 
Test Review at Contractor Facility 20 
Final Report Delivery 24 
Final Presentation 25 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Milestones, along with subjective measurements, are to be used for measuring 
performance. For schedule detail see Microsoft Project fIle located on the CRAVE web site 
for this DO listed under the Government Cost Estimate below. 

14 



CREW, ROBO'S AND VEHICLE EQUIPMENT (CRAt> CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

DATA REOUIREMENTS 

All DRs contained in the contract are applicable and required unless marked N/A below. 

NOTES: 1. GREY SCALED ROWS NEED 
2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 

QMlTS1IDELHTEHD:S IN LAST COLUMN. 

15 
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CREW, ROBOA AND VEHICLE EQUIPMENT (CRA.) CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

16 



CREW, ROBOA AND VEHICLE EQUIPMENT (CRA') CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

17 



CREW, ROBOt AND VEHICLE EQUIPMENT (CRA') CONTRACT 
SOW_Revision 2 

CRA VE-EC5-D020Rl 

CHANGES TO DRDs: NONE 

CHANGES TO GOVERNMENT FURNISHED PROPERTY: NONE 
(IF YES, THEN INSERT GOVERNMENT FURNISHED PROPERTY TABLES) 

18 



CREW, ROBOA AND VEHICLE EQUIPMENT (C~) CONTRACT 
SOW_Revision 2 

CRA VE-ECS-D020Rl 

OPTION 3 

OPTION 3 TITLE: Fabrication and Testing ofLightweightILow-profile Waist Bearing 

Purpose of the Current Effort 

After receiving approval to proceed to Option 3 of the task, the contractor will use the designs 
from the base contract to manufacture a waist bearing. The contractor will be responsible for 
testing all bearings to ensure that requirements have been met. The contractor will deliver a final 
report to detail all findings. 

Task Description: 

Form Team 

Form a team that has the personnel required to track and perform the trade study and designs 
detailed below. The team is to be limited in the number of people to those who are required to 
form an effective team. The team shall solicit the input of expertise outside the team as needed 
to accomplish the task at hand. 

Schedule Project 

Develop a schedule detailing the contractor's plan for the manufacturing process and anticipated 
milestone dates within the given project period. 

Develop Task Assignments 

Identify all the activities that must be performed for each milestone. Task assignments must be 
made for the core team. For each activity: Estimate work effort necessary for each activity; 
Identify all the people who will be affected by each activity; Determine how they should be 
involved in the work; Estimate work duration for each activity in calendar time. 

Fabricate and Test LightweightILow-profile Waist Bearing 

The focal points ofthe lightweight / low-profile bearings design and fabrication shall include the 
results of the various trade studies, the design decisions made by NASA at the end of the base 
contract, and the lightweight / low-profile bearings requirements supplied with this DO. NASA 
will provide specific interface requirements at ATP for Option 3. Ifthe Government requires 
changes to be made to the design proposed in the base contract, these changes will be addressed 
at the kick-off meeting for Option 3. An informal design review to approve the changes to the 
original design will be held four weeks after the kick-off meeting, if necessary. 
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Following the fabrication of the waist bearing, the contractor will conduct all necessary tests to 
ensure that all requirements have been met per the attached requirements document, "Functional 
Requirements for Lightweight / Low-profile Bearing Assembly." The test plan and test results 
will be included in the Verification Data Package (VDP). 

Should the Government elect to enact multiple options concurrently, the Contractor shall propose 
a schedule for the completion of each deliverable in the options. The proposed schedule- and 
any potential modifications- will be discussed and agreed upon by NASA and the Contractor at 
the Options kick-off meeting. 

Progress Reports 

The contractor will be required to provide NASA weekly email progress status briefs (specific 
content to be defined by NASA POC) detailing the current status of their work, what has been 
accomplished, what work is planned for the next month, what issues/problems/risks (if any) have 
arisen, and their plan to mitigate any issues/problems/risks. Additionally, the contractor will 
participate in weekly telecons to address issues as they arise. 

Generate Final Report 

The contractor is to generate and publish a report detailing their lightweight / low-profile bearing 
design, all component fabrication procedures, all component and assembly work instructions, 
assembly/maintenance instructions, operations instructions, test plan, test results, the limitations 
or unique performance characteristics ofthe lightweight / low-profile bearing, and their 
findings/conclusions. 

Conduct Final Report Presentation 

The contractor is to conduct a formal presentation to NASA detailing their lightweight/low
profile bearing design, assembly/maintenance instructions, operations instructions, test results, 
what if any are the limitations or unique performance characteristics of their lightweight / low~ 
profile bearing, and their findings/conclusions. The contractor will handover hardware and all 
other products of the DO at this time. 

Deliverables/Products: 
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Waist Bearing 1 

Set of wrist bearing test plugs I 

Extra units of all limited life components used in 2 ea. 
bearings (e.g. seals, gaskets, screws, etc.) 

Test 

Verification Data The Verification Data Package shall consist of the 3EA 
Package following: paper 

1) Component List and 
2)Verification Compliance Table (details how the CD 
design meets each requirement) (PDF 
3) Verification Test Plan and 
4) Verification Test Data Sheets (i.e. the results of Word 
the verification testing) 
5) Functional Equipment Historical Record (JSC 

format) 

Form 772) 
6) Limited Life List 
7) Shipping Document (DD250) 
8) All associated TPSs 
9) All associated MRBs and DRs 
10) Serialized Component and replacement record 
11) Repair Limitations 
12) Any special instructions for storage, handling, 
and maintenance 
13) MSDS Sheets 

Software N/A 

Other 

LightweightILow- A well documented report detailing the bearing 3EA 
profile Bearing design, summarization and interpretation of paper 
Design and VDP results, all component fabrication and 
Fabrication Report processes, assembly/maintenance instructions, CD 

operations instructions, test plan and 
procedures, test results, what if any are the 
limitations or unique performance 
characteristics their Lightweight I Low-profile 
Bearing Design, and their conclusions 

21 

IIIW 
(i.e. 

controlled 
Class III) 

IIIW 
(i.e. 

controlled 
Class III) 

N/A 



CREW, ROBOA AND VEHICLE EQUIPMENT (C~) CONTRACT 
SOW_Revision 2 

CRA VE-ECS-D020Rl 

Materials Usage List A list which details all the materials the Contractor 3EA 
used in the fabrication of lightweight/low-profile 
bearings 

Electronic models All electronic models (ProlE) of bearing hardware 3EA 
CDs 

Drawings, Patterns, All drawings, patterns, and tooling used in the 3EA 
and Tooling fabrication of bearing hardware 

Build Paperwork All work instructions and procedures developed 3EA 
for the fabrication and assembly of the bearing 
hardware 

SCHEDULE 

Start Date: May 26, 2008 Finish Date: November 14, 2008 

Kick-off Meeting 
Informal Design Review (if required) 
Test Plan and Procedure Delivery 
First Article Review 
Test Review at Contractor Facility 
Final Report Delivery 
Final Presentation 

1 
5 
8 
15 
20 
24 
25 

N/A 

N/A 

N/A 

N/A 

Milestones, along with subjective measurements, are to be used for measuring 
performance. For schedule detail see Microsoft Project file located on the CRAVE web site 
for this DO listed under the Government Cost Estimate below. 
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DATA REOUIREMENTS 

All DRs contained in the contract are applicable and required unless marked N/A below. 

NOTES: 1. GREY SCALED ROWS NEED NO ADDITIONAL/REQUIRED FILL-INS. 
2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 

QM:TSI'DEILIVElt[~S IN LAST COLUMN. 

N 

N 

N 

N 

y 

N 

N 

N 

N 
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CHANGES TO DRDs: NONE 

CHANGES TO GOVERNMENT FURNISHED PROPERTY: NONE 
(IF YES, THEN INSERT GOVERNMENT FURNISHED PROPERTY TABLES) 
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Functional Requirements for Light-weightlLow-profile Bearing 
Assembly 

Attachment of CRAVE EC5, DO#20R1 

February 2007 

DEFINITIONS: 

The term "bearing" in this document refers to the design of a set of bearing/disconnect 
which includes the following hardware: 

1. scye (shoulder) bearings 
2. upper arm bearings 
3. wrist disconnects 
4. wrist bearings 
5. waist bearing 

The following definitions differentiate between requirements and other statements: 

Shall: These are mandatory requirements that must be met to satisfy the DO. 

Should/Goal: These requirements must be addressed by either incorporating 
features into the design or by providing a detailed explanation in the final report 
as to why the considerations were not included in the final design. 

Results of 001-7520 95% load input to suit 

REQUIREMENTS: 

This section defines the minimum functional requirements that the bearing must meet. 

1.0 Operation and Structure 

1.1 The bearing design and construction should minimize the use of special tools 
for normal maintenance and checkout. 

1.2 The bearing should not exceed a maximum of 10% increase in torque from 
the appropriate maximum torque value listed in section 6.0 when 0.042mL of 
stimulant JSC-1 is introduced directly into the bearing race each minute while 
the bearing continuously rotates between 00 and 1600 over the span of 8 hrs. 

Note: Dust testing shall be conducted by the contractor based on a selected 
bearing configuration. The properties of JSC-1 are listed in Table 1.2-1. 
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Table 1.2-1: Characteri$tics of JSC-1 (NASA) 

Parameter 
Mean Particle Size 
Median Particle Size 
Specific Gravity 
Angle of Internal Friction 
Cohesion 

Property 
105IJm 
117IJm 

2.9 g/cm3 
45° 

1.0 kPa 

1.3The bearing design shall provide and incorporatethe NASA designed dust 
seals described below: 

The dust seal is made from 13 ozJyd2 Nomex felt with minimum cross
sectional dimensions of 0.09 in (h) x 0.07 in (w), as shown in Figure 1.3-1. 
The diameter of the seal is dependent upon bearing geometry. Figure 1.3-2 
shows the placement of a dust seal in a wrist bearing. 

h 

Figure 1.3-1: Cros$-section of Nomex Felt Dust Seal 

Figure 1.3-2: Dust Seal in Wrist Bearing 
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1.4 The bearing should minimize the number of pinch points. 

Rationale: A lack of comfort can lead to degradation in crew performance. 

1.5The bearing shall comply with all applicable design criteria and standards 
contained in JPR 8080.5A, "JSC Design and Procedural Standard" as listed in 
the Technical Library. 

1.6The wrist bearing shall mate with the wrist disconnect. 

1.7The wrist disconnect and wrist bearing shall maintain all structural integrity 
and functionality as stated in this document when mated. 

2.0 Sizing 

2.1 The bearing shall have maximum dimensions less than the values listed in 
Table 2.1-1. 

Table 2.1-1: Maximum Bearing Profile Dimensions 

Bearing Height (inches) Width (inches) 
Waist Bearing 1.85 1.95 
Scye Bearing 0.580 1.1 
Upper Arm Bearing 0.553 1.1 
Wrist Disconnect 0.535 0.665 
Wrist Bearing 1.25 1 .30 

Note: for Height (H) and Width (W), please refer to Figure 2.1-1 and Figure 2.1-2. 

w 

Figure 2.1-1: Disconnect Cross Section Example 
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h 

Figure 2.1-2: Bearing Cross Section Example 

2.2The bearing thickness shall not exceed the maximum values listed in Table 
2.1-1. 

2.3The bearing design should be scaleable to function in multiple locations (e.g. 
scye, upper arm, wrists, etc). 

Note: It is desired that the bearing design concept and mechanisms be 
interchangeable between bearings in different locations on the suit. 

2.4 The bearing design should be scaleable to accommodate the 1 % American 
female to the 99% American male. 

3.0 Weight 
Note: Bearing ''weight'' refers to the weight of the complete bearing or disconnect 
assembly with the flange clamping rings and attachment screws. 

3.1 The wrist bearing shall weigh less than 9.8 oz (278 g); the goal weight is 9.0 
oz (255 g). 

3.2The wrist disconnect shall weigh less than 9.8 oz (278 g); the goal weight is 
9.0 oz (255 g). 

3.3The arm bearing shall weigh less than 12.0 oz (340g); the goal weight is 8.0 
oz (227 g). . 

3.4 The scye bearing shall weigh less than 18.2 oz (51.6 g); the goal weight is 
16.0 oz (454 g). 

3.5The waist bearing shall weigh less than 4.51bs (2.04 kg); the goal weight is 
4.01bs (1.81 kg). 

4.0 Environments 
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4.1 The bearing should meet the performance requirements stated herein when 
exposed to temperature ranges of -50 of to +150 OF. 

Rationale: While the bearings will be protected by a thermal insulating layer and will 
therefore not see the true extremes of the space and planetary environments, the 
bearings will still experience temperatures beyond the bounds of ambient. 

4.2The bearing shall be compatible with a 100% oxygen environment. 

Rationale: The bearing hardware and lubricants (if any) must not act as an 
ignition source when operating in a 100% oxygen environment. 

4;3 The bearing s~all have a leakage rate less than 1.0 SCCM of air when 
operating in an atmospheric environment and pressurized to 4.3 ± 0.1 psid 
(30 ± 1 kPa-d). 

Rationale: The volume of bubbles produced by component leakages cause 
safety concerns in the Neutral Buoyancy Laboratory (NBL). Thus, to facilitate 
NBL usage when integrated into the pressure garment, this standard will be 
applied to the bearing. 

4.4 The bearings should function nominally after application of a 9g shock, 15 
millisecond sawtooth pulse. 

4.5The bearing should function nominally after exposure to the following 
vibration environment with input applied to the vehicle/suit interface: Input- 20 
to 150 Hz (Increase plus 6 db/oct); 150 to 1000 Hz (Constant 0.03g2/Hz); 
1000 to 2000 Hz (Decrease minus 6 dbl.oct); Duration- 48 minutes/axis (100 

. launches) 

4.6The mated wrist disconnect and wrist bearing shall have a leakage rate less 
than 1.0 SCCM of air when operating in an atmospheric environment and 
pressurized to 4.3 ± 0.1 psid (30 ± 1 kPa-d). 

4.7The bearing shall function in the NBL test water environment as defined in 
Table 4.6-1. 

Table 4.6-1: Characterization of NBL Environment 

Parameter Range 
Temperature 82-88°F 

pH 7.4-7.8 

Conductivity Average range 150-180 US/CM 
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C12 Residual 1.0 - 5.0 ppm 

Alkalinity 80 -120 ppm 

Calcium Hardness 175 - 300 ppm 

C12 Combined 0.0 - 0.2 ppm 

Rationale: The pressure garment with which the bearing will integrate will 
undergo extensive testing in the NBL to determine its functionality and 
capabilities in zero-g applications. 

Note: The contractor is to identify specific accommodations (if any) made 
to make the bearing compatible with NBL environment. 

5.0 Pressure Loading 

5.1 Normal Operating Pressure shall be 4.3 ±0.1 psid (30 ± 1 kPa-dl. 

5.2 Maximum Operating Pressure shall be 8.0 psid (55 kPa-d). 

5.3Structural Pressure shall be 6.6 psid (46 kPa-d). 

Rationale: The structural pressure is 1.5 times the normal operating 
pressure of 4.3 psid (30 kPa-d). It is a functional check requirement after 
maintenance or off nominal operation of the bearing. This functional 
check should incur no structural damage to hardware. 

5.4Ultimate Pressure shall be 12.0 psid (83 kPa-d). 

Rationale: The Ultimate Pressure is 1.5 times the Maximum Operating 
Pressure of B.O psid (55 kPa-d). This is a functional check requirement to 
ensure that there are no defects or flaws in the bearings post 
manufacturing. This functional check should incur no structural damage to 
hardware. 

6.0Torque Loading and Engagement Forces 

6.1 The arm bearing shall have a starting torque no greater than 3.5 Ib-in (0.40 N
m) when pressurized to 4.3 ± 0.1 psid and secured in contractor designed test 
plates. 

6.2The scye bearing shall have a starting torque no greater than 5.0 Ib-In (0.56 
N-m) when pressurized to 4.3 ± 0.1 psid and secured in contractor designed 
test plates. 
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6.3 The wrist bearing shall have a starting torque no greater than 1.5 Ib-in (0.17 
N-m) when pressurized to 4.3 ± 0.1 psid and secured in contractor designed 
test plates. 

6.4 The waist bearing shall have a starting torque no greater than 20 Ib-in (2.3 N
m) when pressurized to 4.3 ± 0.1 psid and secured in contractor designed test 
plates. 

6.5The arm bearing shall have a running torque no greater than 11.5 Ib-in (1.30 
N-m) when pressurized to 4.3 ± 0.1 psid and secured in contractor designed 
test plates. 

6.6The scye bearing shall have a running torque no greater than 18.0 Ib-in (2.03 
N-m) when pressurized to 4.3 ± 0.1 psid and secured in contractor designed 
test plates. 

6.7The wrist bearing shall have a running torque no greater than 6.0 Ib-in (0.68 
N-m) when pressurized to 4.3 ± 0.1 psid and secured in contractor designed 
test plates. 

6.8 The waist bearing shall have a running torque no greater than 80 Ib-in (9.0 N
m) when pressurized to 4.3 ± 0.1 psid and secured in contractor designed test 
plates. 

6.9The wrist disconnect engagement force shall be less than 15 Ibs (67 N). 

7.0 Limit Loads and Factors of Safety 
7.1 The bearing shall withstand applicable limit loads as shown in Table 7.1-1. 

Note: Assume loads acting at sets of two symmetric points on bearing
one along the axial restraint line and one orthogonal to the axial restraint. 

Table 71-1· Limit Loads and FOS 
Limit Load, 

Ib-force, Yield FOS Ultimate 
Axial Restraint Line (N) FOS 

Upper Arm Assy 209 1.5 2.0 
Lower Arm Assy 204 1.5 2.0 
Sc~e Qpenin~ 605 1.5 2.0 

Waist 1900 1.5 2.0 

7.2The bearing shall have factors of safety in accordance with Table 7.1-1. 

Note: The contractor can reference NASA-STD-5001, "Structural Design and 
Test Factors of Safety for Spaceflight Hardware" for more detailed definitions. 
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8.0 Bearing Life Cycles 

For the arm bearing, scye bearing, wrist bearing, and waist bearing, a cycle is defined 
as rotation of the bearing 1800 and return to start point. For the wrist disconnect, a 
cycle is defined as a disconnect engagement I disengagement. 

8.1 The arm, scye and waist bearings shall operate nominally after 30 cycles at 
8.0 psid (55 kPa) inan ambient environment. 

8.2The arm, scyeand waist bearings shall operate nominally after 75 cycles at 
5.3 psid (37 kPa) in an ambient environment. 

8.3 The arm, scye and waist bearings shall operate nominally after 200 cycles at 
4.3 psid (30 kPa) in an ambient environment. 

8.4 The wrist bearing shall operate nominally after 20,000 cycles at 4.3 psid (30 
kPa) in an ambient environment. 

8.5The wrist bearing shall operate nominally after 2,000 cycles at 5.3 psid (37 
kPa) in an ambient environment. 

8.6The wrist bearing shall operate nominally after 1,000 cycles at 8.0 psid (55 
kPa) in an ambient environment. 

8.7The arm, scye and waist bearings should operate nominally after 30 cycles at 
4.3 psid (30 kPa) in a simulated lunar dust environment. . 

8.8 The wrist bearing should operate nominally after 500 cycles at 4.3 psid (30 
kPa) in a simulated lunar dust environment. 

8.9The bearing shall have a shelf life of 10 years. 

Note: This does not pertain to bearing seals. 
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TIN: 115-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE DO 19R8 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is sUblect to 
Reference: __ instructions contained on this form and Is issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptance of this order by contractor [0 ) is, [181) is not 10. Name: Ronald Johnson 
required. Sign below if required and retum to contracting ollicer. 

Name: (Person authorized to sign) 

Signature: ~ I"J.y .. ill 0/1 A A, Date: JJ:LcI()~ Signature: Date: -- COfJ'I'RACTING Ol'FICER 
11. Schedule U 

I1EM 
DESCRIPTION 

QUANTllY 
UNIT 

UNIT 
AMOUNT 

QUANTllY 
NO. ORDERED PRICE ACCEPTED 

Crillclliity On6 Certificmlon of ShutUe EVA TIle Rap,lr Hand Tools I 

1 Revision 8 to 001918 Issued to lward In ,ddltlon,I85 wipes 10 the DO. LOT bf The DO value ialncre,sed bv $98.798 from $1.524.29lI to $1.821.095. kJf The completion date III extended to 9/23108. 

RECAP DO VALUE: Prior This Acllon CumV,lue 

Cost : bit ~~ itJr Fee 
TOTAL $1,524,298 $96,799 $1,821,095 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
RissueTo: !;C/Joe G~nsler, x30025 

$ 1,621,095 NTE 

14. Quantities in "Quantity Accepted' Column Have Been o INSPECTED 0 ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Represent'tive D,te 
JSC Form 14211 (Rev November 10, 2004) (MS Word Auguol1SM15) 



1 National Aeronautlca and Spll" Admlnl.tl1ltlon I 

Lyndon II. Johnson Sp ... Cant ... 1 ORDER FOR SUPPLIES OR SERVICES Page 10f 2 
Houston, TX 77051 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJOSHBo4OB, CRAVE DO 19R7 See Block 10 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Office: 4. ShipTo: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Omcer, Building <421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMlrv Thom. Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 201-403-0!I20 Fax: 2§1·2~!l!!95 Order No.: t:lt:lJQ§!:I~B, QB!~!; QQ laBZ 
E-mail: ,n> f "ftU 

5. Contractor: 6. Deliver On or Before: 9l1910l! thru 8/15/0!! 

Oceaneerlng Space Systems F.O.B. Point: Destination 
Attn: Contracts 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 7705e 

7. BILLING ADDRESS: 

Phone: 281·220-5371 x Fax: 281·228-55<45 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058·3696 

TIN: 95-2828227 CAGE CODE: Order No.: NNJ05HB<40B, CRAVE DO 19R7 

e. Type of Order: 

0 PURCHASE: Please furnish thE! following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order Is SUbject to 
Reference: -- instructions contained on this form and is issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptence ofthi. order by contractor [0 1 is, [1811 is not 10. Name: Ronald llghDsoD 
required. Sign below if required and return to contracting omcer. 

SI ... "~Je,...nOJ Un._ f.H/q Name: (Person authorized to sign) 

Signature: Date: ~ -- CON RACTINqjOFFICER 
11. Schedule 1/ 

IlEM 
DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO. ORDEReD PRICE ACCEPTED 

Crltlcailly One Certlftcatlon of ShutUe EVA nle Repair Hand Tools 

1 Revhllon'l to 0019 la Issued to add OptJon sp. Build to Print (see LOT 
(. ,c/ , 

attached Dille): Incr .... the DO value bv $G.~ 799 from 
v) l 

$1 ,"27,<197 to $1,52",296; and .xtend the complebon date to 8/15/011. 

RECAP DO VALUE: Prfor This Action Cum Value 
Coat ,j I l·A i:";'; Fee -'0 \ 0/ , 

TOTAL $1,427,<197 $96,799 $1,52",2ge 

12. For JSC Internal Use Only: . , 13. Total 
Requisition No.: ~ 0 COMPo 0 PART. PPC: --
RissueTo: EC/lloe GaDsler, x~002:i 

$ 1,52",296 NTE 

14. Quantities in 'Quantity Accepted" Column Have Been \ 

0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BEAT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 14211 (R •• November 10, 2004) (MS Word August 1995) 
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cow, ROBOTICS AND wmcLI EQUJPMlNT (CRAVI) CONTRACT 
DIUVERY ORDER II CRAYJ-ICZ.ol2, REV. 7 

. QRtIolJ SA De)iyer.blep/prtduett: 

Flight 
HW SED33116397-703 8/6/08 

Class I 

(PIA) 

NASA has QIY 44, Class I, MARTEX towels, 30 inches x '4 inches, PIN 700262. These towels are available for 
IUC DO earlier thin 1une 6, 200S, if required. Contractor may choose to order their own towels 'for this project. 
NASA usumes at least two wipes may be made from one towel. 

Page 24 of 30 
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NooIIomoIMmn.ullcs .nd Spa .. Admlnlllllllion 

I --Lyndon B. Johnson Sp_ Center ORDER FOR SUPPLIES OR SERVICES Page 10f 12 
~,TX 77051 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJOSHB<40B, CRAVE DO 19R6 See Block 10 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing OlTice: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation OlTicer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2/MIIY Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: ~l~2§ Fax: 2§1-483-4173 Order No.: MNJ!!§l:I£!~ "RAvE QO IIlB!! 
E-mail: Marv f nnv 

5. Contractor: 6. Deliver On or Before: 9/11l/O6 thru 7!3V08 

Oceaneering Space Systems F.O.B. Point: Destination 
Attn: Contracts 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: 281·228-5371 x Fax: 281-228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2828227 CAGE CODE: 2F282 Order No.: NNJ05HB40B, CRAVE DO 19R6 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is subject to 
Reference: __ instructions contained on this form and is issued subject to the 

terms and conditions of contract number: --
9. Written acceptance of this order by contractor (0 1 is, (1811 is not 10. Name: Ronald Johnson 

required. Sign below If required and return to contracting olTicer. 

Name: (Person authorized to sign) 

Signature: Q rwt /} 0_1 ~JAA~e: J2/J..elt31 Signature: Date: --
CONTRA"C I ".~ FICER \ 

11. Schedule IJ 
ITEM 

DESCRIPTION 
QUANTllY 

UNrr 
UNrr 

AMOUNT 
QUANTllY 

NO. ORDERED PRICE ACCEPTED 

Criticality One Certlncatlon of Shuttle EVA Tile Repair Hand Tools 

Revision 6to CRAVE EC-D019Is Issued to ... 

1 1) add Option"" Build to Print Lot bf 
2) Increlle DO value by b1 . :c $1,.27,497 
3) extend completion date from 3131/08 to 7/31108. 

Replacement pages to DO 111 SOW for Optlon.A are attached. All other 
terms and condHlons of the delivery order remain unchanged. 

Colli: : b~ Fee: ~t Cum DO Value: $1,.27,~7 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
RissueTo: EClJoll Gens!!!r, x3QQ25 For: I;C5IMi![k Dub, x3~71 

$ 1,.27,~7 NTE 

14. Quantities in 'Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word Augucl19115) 
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PROPOSAL INSTRUCTIONS: DRAFT -- COMMENTS DUE BY: 
.x. FINAL -- PROPOSAL DUE BY: 10/12/2007 

CRAVE DO 19 TITLE: Certify shuttle orbiter TPS repair hardware to Criticality I 
requirements. 
DO Type: ..x... CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Joe Gensler. EC7 

DO Manager: N/A 

DO Mgr. Alternate: N/A 

Phone: (281) 483-0025 

Phone: N/A 

Phone: N/A 

Contracts fficer 
Ronald Johnson 

@;Rnf!~ 
Steve Miller 
S&MA 

Task Contains Flight Hardware, Flight Software or GSE? 

Program Supported: 

WBS: L 1.0 EVA 
CHeCS 

X Shuttle _ISS 

2.0FCE 3.0EVR 

oX. EVA _Advanced_ 

ECLSS 5.0ATCS 6.0 

For purposes of complying with FAR 52.232-22, Limitation of Funds, the total amount allotted by 
the Government to contract is specified in clause B.6, Contract Funding. Thefunding listed in 
B.6 is the amount allottedfor all Delivery Orders on the contract combined 

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict 
between the contract and this Delivery Order, the contract shall prevail. 

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown 
above and in the contract within Section C. Table 1. 



CREW, ROBOTICSAICLE IUlUIPMENT (CRAVE) CONTRA4 
DELIVERY ORDERS: CBAYl-EC7=019 Rev. (; 

NOTE: REVISION D. Page 1 updated for rev D. Build to print option 4A added at the 
end ofthia DO. pages 20 through 29. please provide ROM Co.t and Schedule for the 
additional bund to print option only. 

PROPOSAL INSTlWCTJONS: _ DRAFT - COMMENTS DUE BY: N/A 
..x.. FINAL - PROPOSAL DUE BY: Unt2007 COB 

DO TITLE: Certify .hottle orbl1er TPS npllir hardware to Criticality I requirement!. 
DO Type: ...L CPR _FFP 

DO Contact Information in AddHion to the CllA VE Contraet Special"t or CO: 

TMR:Joe Gen'ler. EC7 Phone: (aD 48J.0Q25 

DO Manacer: N/A Phone: 

DO Mar. Ai1emate: N/A Phone: N/A 

Conegmpep: 

Ron Jo ..... on 
CO 

Rlliph Marak 
Dlvllion TMR 

Harold Relmen 
DO Mlr. Mmagement 

SteveMIDer 
S&MA 

Tuk Contabl. FlIght Hardware, Flight Software or GSE't 

Proaram Supported: X Shuttle _ISS X EVA 

Joe Gen.ler 
COTR 

Advanced 

WBS: L 1.0 EVA _ 2.0 FCE _3.0 EVR _ ECLSS _ 5.0 ATCS _ 6.0 CHeCS 

For purpO/le" of complying with FAR 52.232-22, Limitation of Fund", the tatal amount allo~d by the 
G~mment ta contract i" ifJ1ecified in clause B.6. Contract Funding. The funding ""ted in B.6 iIf the 
amount allotted for all Delivery Order" on the contract combined. 

All hmn8 and conditions of the contract apply to thi" Delivery Order. In the event if a cotiflict between 
the contract and thi" Delivery Order, the contract shall prevail. 

WBS reporting shall be done in accordance with applicable WBS reporting categorie'" 4If shown ab~ 
and in the contract within Section C, Table 1. 

Page 1 of29 
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CREW, ROBO" AND VEIDCLE EQUIPMENT (CA) CONTRACT 
DELIVERY ORDER II: CRA VE-EC7-019 Rev. 6 

Build to Print Contract Options lA, 2A, 3A, 4A 
The following task options shall be priced separately: 

Build to Print LA. 2A. 3A. 4A 
Provide pricing to complete this delivery order per the reqnested schedule milestones. 
Build to print the quantities of flight hardware listed below. Perform PDAIPIA testing per 
the CARD and applicable Waivers, deliver ADPs where applicable. 
-Shall include pricing for one CARD change CR. 
-Shall include pricing for up to 3 drawing cbange notice, in tbe ennt issues are identified 
during manufacturing or assembly or acceptance. 
-Shall include pricing for revisions to eIisting assembly procedures. 
-GFE items, sucb as bayont probes and equipment books, sball be transferred from tbe 
One EVA contract to CRAVE via NASA XA tools panel CR. 
-Shall not include pricing for changes to eIisting safety documentation (RAESR). 
-Depending on the circumstances with Shuttle Mission needs, the COTR may request that 
flight hardware be shipped directly to bench review for flight via form 1027. In this case a 
DD250 will have to follow. Contractor shall assume one form 1027 will have to be 
prepared. Otherwise, standard DD250 to NASA JSC EC7 is recommended. 

Notes: 
1. Contractor sball provide weekly status of Non-Conformance Records (NCR) and issues 

in the form of an E-mail to the DO Manager (DM). 
2. Material Review Board (MRB) personnel for the disposition of NCR's shall be provided 

by the contractor; NASA DO Manager required signature for MRB. 
3. ADP sball comply witb SSP 30695. 
4. NCR's open at the time of ADP delivery will be transferred into the NASA Quality 

System by NASA or NASA-designated QA personnel. 
5. ShaD comply with JSC 28035 for PRACA reportable issues. 
6. Copies of internal vendor procedures referenced in work authorizing documents or 

NCRs shall be delivered to the government on CD. 
7. Electronic copies of all work authorizing documents (TPS, Procedures, or equivalent; 

NCRs or equivalent) sball be delivered to tbe government on CD (.PDF format is 
acceptable). 

Page20of29 
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Option lA DeliverableslProducts: 

I" Gel Brush Assy SED33116394-70 1 20 3/28/08 I 
3" Gel Brush Assy SED33116394-703 49 3128/08 I 
Pencil Tip Gel Assy SED33 1 16394-705 21 3128/08 I 

Netted Foam Brush Assy SED33119S88- S8 3/28/08 I 

701 x x 

Netted Foam Brush Assy SED33 1 19588-
x x 

Flight 10 12/19/07 I 
701 (Early Delivery) 

HW x x 
x x 

Brush Caddy SED33116360-303 2 3128/08 I 
SED33116902-701 Gel Brush Kit Label 2 3128/08 I 
SED33116902-703 GellN et Brush Label 1 3/28/08 I 

SED3 3116902-705 Gel Brushes Label 3 3/28/08 I 

SED33116902-707 GellNet Kit Label 
2 3/28/08 I 

1 Due at 
ADP hardware 
per delivery or 1 
SIN week prior to 

Other or flight 
Products Data LIN shipment 

Page 21 of 29 



• • 
Option 2A DeliverablesIProducts: 

I" Gel Brush Assy SED33116394-701 20 3/28/08 I 
3" Gel Brush Assy SED33116394-703 49 3/28/08 I 

Pencil Tip Gel Assy SED33116394-705 21 3/28/08 I 

Netted Foam Brush Assy SED33119588-
58 3/28/08 I 

Flight x x 701 HW x x 
Netted Foam Brush Assy SED331 19588- 10 12119/07 I 
701 (Early Delivery) 

1 Due at 
ADP hardware 
per delivery or 1 
SIN week prior to 

Other or flight 
Products Acceptance Data Packages (ADPs) LIN shipment 

Page 22 of 29 



Flight 
HW 

Other 
Products 

Other 

CREW. ROBOTICS AA.a.E EQUIPMENT (CltAVI) CON1'llAete 
DILlVIRY ORDER t#: CBAVE::EC7-019 Rev. 6 

I" Gel Bruth Auy SED33116394-701 17 31211108 I 
3" Gel BrUsh AMY SED33116394-703 51 31211108 I 

Pencil Tip Gel Any SED33116394-705 11 3/28108 I 

Netted Foam BrlJlh Aasy SED331 19583- 22 3/28108 I 

701 x x 
x x 

Netted Foam BrlJlh Alay SED331 19583- 10 12/19/07 I 
701 (&rty Delivery) 

1 Ducat 
ADP h1rdware 
per delivery or 1 
SIN week prior to 
or flight 

LIN 

701 

1 Duc at 
ADP h1rdware 
per delivery or 1 
SIN week prior to 
or flight 

Data LIN shipment 

Page 23 of29 



ClUtW, ROBOTICSANAICLE EQUIPMINT(CIlAVI) CONTRAA 
DELIVERY ORDERS: CRAYJ-ECZ..o19 Rev. 6 

ISCHEmM 
Start Date: November 1l,2006 Fini.h Date: Mareh 28, lOO8 

ST8-123/lJA JSC 1.-10 DR OlD 

ST8-U4/1.f JSC L-3O SR OlD 

TOTAL COST ESTIMATE FOR THIS DO: I 

PEE: 1 (If Applk.ble) 

OPTIONIA:1 

OPTION 2A: 1 

OPTION3A:l 

OPTION4A:l 

Page 24 of 29 
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DATA REQUIREMENTS 

All DRDs contained in the contract are applicable and required unless marked N/A below. 

Page 25 of 29 



CRltw, ROIlOTlCS~ICLIIQUIPMENT(CRAVI) CONTRA. 
DELIVERY ORDER II: CRAVE=EC7.Q19 Rey. (; 

i 

P.~26of29 



ClUtw. ROBOTICSAAICLE EQUIPMENT (CRAVE) CONTRA. 
DELIVERY ORDER II: CBAVE-EC7;;Ol? Rrv. (; 
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CREW, ROIlOTICSA •• CLIIQuIPMINT (CRAVE)CONTRActiI 

DELIVERY ORDER 1#: CRAVE-EC7;;019 Rev. 6 

Page 28 of 29 
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GOVERNMENT FURNISHED PROPERTY 

The CRAVE contracts do not anticipate the Government providing any property or 
facilities unless requested by the contractor in their response to a request for bid. 

Flight hardware test facilities, such as loads, thermal, and vibration are available 
for the execution of this delivery order upon submission of JSC Form 90's to the DO 
Manager. NASA expects to use its own funds for facilities and facility support staff. 
Test plan, test readiness review, and flight hardware documentation shall be 
provided by the delivery order contractor. 

A. List of Property the Contractor Shall Replace with modified or upgraded 
versions: 

Use of Date to be Furnished to Item Quantity Acquisition Cost Property 
the Contractor 

Location 

1 I I 1-,------,--------r- 1-----------
i-, I I 

I 
- -r--- I I T 

I I I I I -------
I ,--------1 1--------------
,-----1--- 1 ,-------------

Page 29 of 29 
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Natlonll Aeronautics Ind Spoce Admlnlol .. tlon 
ORDER FOR SUPPLIES OR JERVICES Page! of 2 Lyndon B. Johnson SpICe Center 

Houston, TX 77051 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB40B, CRAVE DO 19R5 See Block 10 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Omcer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMarv Thomas Houston. TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281-183-8a2e Fax: ~1-483-41Z3 Order No.: t:!t:!JQ:iI:l1340B. ~BrolE ~Q 1~B~ 
E-mail: m.rv . , nnll 

5. Contractor: 6. Deliver On or Before: 9119/06 thru 3/31/08 

Oceaneering Space Systems F.O.B. Point: Destination 
Attn: Contracts 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston. TX 77058 

7. BILLING ADDRESS: 

Phone: 281-228-5371 x Fax: 281-228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B. CRAVE DO 19R5 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page. this delivery order is SUbject to 
Reference: __ instructions contained on this form and is issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptance ofthis order by contractor [0 I is, [~ I is not 10. Name: Ronald Johnson 
required. Sign below If required and return to contracting omcer. 

Name: (Person authorized to sign) 

Signature:f 0'Yt...n (2.1 ~A_ Date::;.iJ:J.JfYJ Signature: Date: --. CONTRACTINS(OFFICER ~ 
11. Schedule 

ITEM 
DESCRIPTION 

QUANTllY 
UNIT 

UNIT 
AMOUNT 

QUANTllY 
NO. ORDEREC PRICE ACCEPTED 

Criticality One Certlflcatlon of Shuttle EVA Tile Repair Hand Tools 

1 ReVision 5to CRAVE·EC·DOI9 la Issued to add flights STS-I22, STS· }j-f btf "'of b'f 
123, and STS-124 to Option 3 Development Phase Shuttle Flight support. 

The delivery order value Is Increaaed by : I?~ The period of 
performance remains unchanged. 

See next page for recap of delivery order value. 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
Rissue To: EQ/Joe Gen§ler, x~Q025 For: EC5/Mark Dub. x34471 

$ NTE 1,3n,780 

14. Quantities in "Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 14211 (Rev November 10, 2004) (MS Word Auguoll995) 



Order' No.: D01'R§ ORDE R SUPPLIES OR SERVICES '-f PAGE 2 of2 

(CONTINUATION SHEET) 

SCHEDULE 

ITEM DESCRIPTION 
QUANTITY UNIT UNIT AMOUNT QUANTITY 

ORDERED PRICE ACCEPTED 
. 

RECAP OF DELIVERY ORDER VALUE: 

PRIOR VALUE THis ACTION CUM VALUE 

(thru D019R-i) (D019R5) 

Cost 

~+ 
Fee 

TOTAL $1,167,216 $210,564 $1,377,780 

THIS IS A CPFF DELIVERY ORDER. 

. 

JSC Form 14~ R .... November 10 2<:l(M MSWord A ust 1 )( ug IIQ5) 



. L-Nlltlonal Aeronaut~ and Spece Admlnlslrallon l Lyndon B. John..,n Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 22 
/iDueIon, TX 77051 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB.oIOB, CRAVE DO 19R4 See Block 10 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing omce: . 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Ofticer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMlry Thom. Houston, TX 77058-3696 

Mark For: Accountlble Property 

Tel No.: 281-483-8828 Fax: ~l-4l!3-~l~ Order No.: !lIIlIJ!l§tll:l!K1I:l, QB~E DQ ll!B~ 
E-mail: marv.f.th I.ao'l 
5. Contractor: 6. Deliver On or Before: 91l9!06 thru .3131/08 

Oceaneering Space Systems F.O.B. Point: Destination 
Attn: Contracts 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: 281-228-5371 x Fax: 281-228-55<45 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F282 Order No.: NNJ05HB40B, CRAVE DO 19R4 

8. Type of Order: 

0 PURCHASE: Please furnish the following In 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the follOwing page, this delivery order is SUbJect to 
Reference: __ instructions contained on this form and is issued subject to he 

terms and conditions of contract number: --
9. Written acceptance of this order by contractor [0 ] is, [181 ] is not 10. Name: Ronald Johnson 

required. Sign below if required and return to contracting ofticer. 

Name: (Person authorized to sign) 

Signature: f ~,i l.2 '" A.....nate: s:fqjbl Signature: Date: -- CON rRACTINqfOFFICER 
11. Schedule 

ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 
NO. ORDERED PRICE ACCEPTEO 

CrHleali1y One Certification of Shuttle EVA Tile RePIIlr Hand Toola 

1 Revision 4to CRAVE-EC-DOI91a I .. uld to delete and replace D019R3 
In Its IntlreIY. Revilion 4 revl_ the Statement of Work. Ootton 1 has 
been repriced and the completion date extended to 7/31/07; Opllon 3 h. 
been added to the DO. Option 2 remalna unchanged. 

Option 1: Price Ie changed from b~ Lot 
Opllon 3: Devalopment Ph ... Shuttle Flight Support. Option 3 Includes ea "'''f (,+ 2 flights: STS-118 and STS-120. 

Period of Performance = 1J1J07 thru 3131/08 
PrIclng for Option 31a valid for work completed by 3/31/08. 

(conttnued next page) 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
RissueTo: EC/Joe Gen!l!!r, x300~5 For: EC5IMa[k Qyb, x34471 

$ 1,187,2111 

14. Quantities in 'Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Repreaentattve Oate 
JSC Form 14211 (Re. November 10, 2004) (MS Word Augu.t 1895) 
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." - , CREW, ROBOTIC>:> AND VEIDCLE EQUIP:MENT (CRA VJ>" CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

NOTE: REVISION B. CHANGES MADE TIDS REVISION SHOWN IN COLORED 
TEXT OR DELETION BLOCK. LOCATION OF CHANGES MARKED WITH 
CHANGE BARS IN LEFT MARGIN 

PROPOSAL INSTRUCTIONS: DRAFT - COMMENTS DUE BY: 8/31/2006 
.x FINAL -- PROPOSAL DUE J,lY: 9/12/2006 

DO TITLE: Certify shuttle orbiter TPS repair hardware to Criticality I requirements. 
DO Type: ..x.. CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Joe Gensler, EC7 

DO Manager: Mark Dub, EC7 

DO Mgr. Alternate: NIA 

Concurrences:' 

Mark Dub 
DO Manager 

Joe Gensler 
Division 'flVIR 

Harold Reimers 

Phone: (281) 483-0025 

Phone: (281) 483-4471 

Phone: NIA 

DO Mgr. Management 
Joe Gensler 
COTR 

Steve Miller 
S&MA 

Task Contains Flight Hardware, Flight Software or GSE? 

Program Supported: X Shuttle _ISS K EVA _Advanced ____ _ 

WBS: K-1.0 EVA 2.0 FCE 3.0EVR ECLSS 5.0ATCS 6.0CHeCS 

For purposes of complying with FAR 52.232-22, Limitation of Funds, the total amount allotted by the 
Government to contract is specified in clause B.6, Contract Funding. The fitnding listed in B.6 is the 
amount allotted for all Delivery Orders on the contract combined. 

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict between 
the contract and this Delivery Order, the contract shall prevail. 

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown above 
and in the contract within Section C, Table 1. . 
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· - ~ CREW, ROBOTILoS AND VEHICLE EQUIPMENT (CRA" J!i) CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

Narrative Task Description 

Background 1 Problem Description: 

As a part of the Space Shuttle Program (SSP) Return-to-Flight Effort, a se!.!>f EVA Tile 
Repair tools were developed. The purpose of these tools is to allow crewmembers to effect 
EVA repair of damaged orbiter thermal protection system surfaces. Included among these 
repair tools are Einittance Wash Applicator (EW A) Kits and Gel BrushKtts. Both are 
used, if required, to repair damaged tile surfaces. ' -

The launch schedule ofSTS-114 coincided with the development schedule.Qfthese repair 
tools, and did not allow for the completion of a traditional certification, w~ch·v.:erifies 
functionality of the hardware for use in its intended (EVA) environme~t. The shuttle 
program recognized this, and temporarily reduced the functional criticality of the 
hardware to a level of 3/3, limiting t;he scope of the hardware certification to launch, 
landiD.g, and EVA use safety.. The effectiVity of this limited certification is for missions 
STS-114, 1~1, and 115, and will be extended to include 116 (December 2006) . 

Based upon this decisi.on, the EWA Kits and Gel Brush Kits were certified as Criticality 3 
hardware, and flown abo~d STS-114 and 121. Use of the EWA Kit to coat a damaged tile 
sample was successfully demonstrated during an in-flight DTO experiment on STS-114. 

In an effort to develop a maximally robust repair capability, the shuttle program desires to 
upgrade the existing Criticality 3 certifications of the EW A Kits and Gel Brush Kits to a 
traditional certification, which verifi,es 'functionality in the intended (EVA) environment, 
and would meet the safety and reliability certification standards required of Criticality 1 
hardware. . 

The scope of this task is to upgrade the present Criticality 3 certifications of existing flight 
hardware to satisfy Criticality 1 requirements, with the exception of the EVA Wipe as 
Criticality ill, by completing environmental qualification and acceptance testing on 
qualification and flight hardware articles, and Acceptance Data Packages (ADPs) as , 
applicable, updating the products associated with the Verification Compliance Data 
Package (including the GeAR, RAESR, CARD-VCM), closing open Discrepancy Reports 
(DRs/NCRs) oli flight articles, and closing constraints to certification including'FJARs and 
RIDs. 

The Emittance Wash Applicator Kit (SJD33116880) contains the following hardware: 
-Emittance Wash Applicator (SED33116809-302) 
-Emittance Wash Applicator Caddy (SED33116933-301) 
-Removable Brush Handle Assembly (SED33116385-301) 
-Netted Foam Brush Assembly (SED33119588-701) 
-EVA Wipes (SEG33116397-703) 

The Gel Brush Kit (SJD33117200-30x) contains the following hardware: 
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CREW, ROBOTI(;~ AND VEHICLE EQUI.J;>MENT (CRA V,I!;) CONTRACT 

DELIVERY ORDER #: CRA VE-EC7-019 

-Gel Brush Caddy (SED33116360-30x) 
-Removable Brush Handle Assembly (SED33116385-301) 
-Sylgard Gel Brushes (SED33116394-70x) 

Task Description: 

1. Emittance Wash Applicator rEWA) and EWA Caddy 
, 

Certify Einittance Wash Applicator (EWA) SED33116809-302, and EWA Caddy 
SED33116933-301 to meet Criticality I requirements. This task shllll eilcompass deletion of 
the Rotating MOllnt Assembly, PIN SED33117870-302, from the EWA Caddy. 

Baselined Criticality m VCDP and products shall be used to satisfy -certification. 
requirements unless they are identified by the DM or Safety a)ld Mission Assuran.ce as 
inadequate to satisfy Criticality I certification requirements. E:rlsting FMEAlCILs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEAlCIL or hazard report shall be generated if a problem an~ysis 
reveals an undocumented failure mode or hazard cause . 

This task shall include the completion of the following: 
-Completion of open qualification testing required by CARD: 

-combined loadlinternal pressure/mechanism testing or analysis of -302 configuration 
-qualification life cycling of mechanisms testing 

-Review of Design Memorandum documenting compliance of design with design 
requirements 

-Acceptance testing of the following flight hardware in accordance with CARD: 
-7 Emittance Wash Applicator Assemblies SED33116809-302 
-7 Emittance Wash Applicator Caddy Assemblies SED33116933-301 

- Identify cause of high actuation torque on EWA SIN 1001 Main Valve and repair valve 
to retwn actuation torque to limits specified in JSC-62007B, Paragraph 3.1.1.7.1.2 

-Rework of seven EWA Cad~y Assemblies to include: 
-Separable/reconfigurable kit-level labels 
-Pocket stiffener design updates to include stiff protector for netted brush . 
head and updated brush handle slider guard to prevent stiffener cracking 

-Softgoods tether points sufficient to withstand qualification testing to a minimum 
. 4.0 FOS above tether load requirements specified in CARD. 

-Developmental Hardware Phase Shuttle Flight Support 
-Fill EW A, PIA, and kit two EWA Kits (SJD33116880) each for Shuttle 
Missions STS-116 and STS-117 and ship for flight. 
-Dekit and inspect hardware for damage upon return from nights STS-115, 

STS-116, and STS-117. 
-Completion of MSVR 
-Completion of Verification Compliance Data Package 

-Update of GeAR 
-Update ofRAESR 
-Update of Verification Compliance. Matrix 
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CREW, ROBOTICS AND VEHICLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 " 

-Closure ofFIARs JSCEC1203, 1207, 1300, and 1305 inCluding required 
engineering evaluations, analyses, or tests for final resolution. 

-Closure of deferred Revie!V Item Dispositions 
.:. EngineeringftechJrlcian/quality support for EWA engineering evaluations including 
sample preparation for arcjet testing. 
- Resolution of Rotating Mount FIAR 1323 and DR E10630083 for mechanism cycling 
failure, including engineering evaluations for failure investigation. 

- Delete Rotating Mount from EWA Caddy 
• Interim manufacturing documents and/or dispositions to allow work to proceed 
pending drawing and CARD updates 

• EW A Caddy drawing update to remove Rotating Mount 
- EW A Kit drawing update to remove/update views of Rotating Mount (as required) 
- Update to cARi> JSC-62007 to remove Rotating Moimt associated reqUirements 

and update envelope and relevant figures 
- EWA Caddy RAESR update to remove references to Rotating Mount 
-Remove .rotating mount from EWA caddy and configure caddy as required by 
updated drawing~ 
- Downgrade and/or disposition of existing hardware and return to NASA 

2. Removable Brush Handle Assembly 

Certify Removable Bru~ Handle Assembly SED33U6385-301 to meet Criticality I 
requirements. 

Baselined Criticality ill VCDP and products shall be used to satisfy certification 
. requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy Criticality I certification requirements. Existing FMEA/ClLs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEAlCIL or hazard report shall be generated if a problem analysis 
reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Completion of open qualification testing required by CARD. 

-qualificationfor acceptance vibration testing 
-qualification thermal testing 
-qualification life cycling of mechanisms testing 

-Review of Design Memorandum documenting compliance of design with design 
requirements 

-Acceptance testing of 18 flight units in accordance with CARD. 
-Completion ofMecharucalSystems Verification Plan (MSVP), including MSVR 
-Completion of Verification Compliance Data Package . 

-Update of GCAR 
-Update ofRAESR 
-Updllte of Verification Compliance Matrix 

-Closure of open Review Item Dispositions 
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CREW, ROBOTI(;~ AND VEIDCLE EQUlPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC7-019 

3. Netted Foam Brllsh Assembly SED33119588-701 

Certify the Netted Foam Brush Assembly SED33119588 .. 701 to meet Criticality I 
requirements. . 

Criticality ill VCDP a:qd products baselined for the certification of Foam Brush 
Assemblies (SED33117199) shall be used as a basis for meeting certification requir~ments 
for th~ netted foam brush by similarity UJiless they are identified. by the DM or Safety and 
~ssionAssurance as inadequate to satisfy Criticality I certification requirements. 
Existing FMEAlCILs or hazard reports shall be revised if an: analysis of a problem reveals 
an increase in risk. A new or revised FMEAfCIL or hazard report shall be generated if a 
problem analysis reveals an undocumented failure mode or hazard cause. . 

This task shall include the completion of the following: 

-Review of Desigp. Memorandum documenting compliance of design with design 
requirements. . . 

-Acceptance testing of 25 GFE flight units in accordance with CARD. 
-Ass~lilbly of Verification Compliance-Data Package 

-GCAR 
-Update/develop RAESR 
~ Verification Compliance Matrix 

-Closure of deferred Review Item Dispositions 

4. Gel Brush Caddy Assemblv SE1)33116360-30x, and Gel Brush 
Assemblies SE1J33116394-3Ox 

Certify Gel Brush Caddy Assembly SED33116360-30x, and Gel Brush Assemblies 
SED33116394-30x to mee1; Criticality I requirements. . 

. BaseliIied Criticality ill VCDP and produc~s shalll;>e used to satisfy certification 
requirements·unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy Criticality I certification requirements. Existing FMEAfClLs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEAfCIL or hazard report shall be generated if a problem analysis 
reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Coordination of a community review meeting to incorporate reviewer comments into draft 
requirements documents (CARDs) for the Gel Brush Caddy and the Sylgard Gel Br~shes 
-Coordination of reviewer signoff and XA Tools Panel BaseliIie of the Gel Brush Caddy 
and Sylgard Gel Brush CARDs . 
-Completion and documentation of testing required to extend shelf life of gel brush 
assemblies to a minjmum of five years. 
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-Completion of testing required to assess functional performance of Sylgard gel with 
respect to temperature range specified in CARD. 
-Rewo~k of six flight uirlt caddies to include addition of 1Q-Iayer MLI insulation, 
separablelreconfigurable kit-level labels, and softgoods tether points sufficient to withstand 
qualification testing to a 4.0 FOS above tether load requirements specified in CARD. 
;. Update of thermal analytical products reflecting addition of MLI insulation. 
-Acceptance testing of the following flight hardware in accordance with CARD: 

-6 Brush Caddy Assemblies SED33116385-30x 
-100 Gel Brush Assemblies SED33116394-30x 

-Developmental Hardware Phase Shuttle Flight Support 
-PIA and Kit two Gel Brush Kits (SJD33117200) each for Shuttle Missions STS-1l6 
and STS-1l7 and ship for f.ljght. 

-Dekit and inspect hardware for damage upon return from flights STS-121, 
STS-116, and STS-117 

-Completion of Verification Compliance Data Package 
I· -Update of GeAR 

-Update ofRAESR 
-Update of Verification Compliance Matrix 

-Closure of deferr.ed Review Item Dispositions 

5. EVA WipeAssemblySED33116397-703 

Certify EVA Wipe Assembly SED33116397-703 to meet updated Criticality ill 
requirements. 

Baselined Criticality m VCDP and products shall be used to satisfy certification 
, reqUirem,ents unless they are identified by the DM or Safety 'and Mission Assurance as 
inadequate to satisfy updated Criticality I certification requirements. Existing 
FMEAfCILs or hazard reports shall be revised if an analysis of a pJ;oblem reveals an 
increase in risk. A new or revised FMEAfCIL or hazard report shall be generated if a 
problem analysis reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Review of Design Memorandum documenting compliance of design with design 

, requirements 
-Completion of Verification Compliance Data Package 

-Update of GeAR 
-Update of RAESR 
-Update of Verification Compliance Matrix 

-Acceptance testing of 60 flight units in accordance with CARD 
-Closure of deferred Review Item Dispositions 
- Rework of up to 50 EVA Wipes to correct out of configuration discrepancy (missing 
labeling on tether loop) 
- Flight delivery ofunkitted EVA Wipes for STS-116 and STS-117 
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DELIVERY ORDER #: CRA VE-EC7-019 

Contract Options 
The following task options shall be priced separately: 

1.. Alternate Schedule Certification 
Provide pricing and schedule to complete this delivery order on a schedule chosen by the 
bidder to mi!limize cost. In addition, this option shall include kitting and shipping.offlight 
hardware as Criticality ill hardware for flights scheduled to occur during th,eperformance 

. period of this delivery order (STS-116 & STS-ll7) duration of project. Schedule shall 
require Sylgard Gel Brush 5-year shelf life extension task to be complete prior to 11/30/06. 

2. Post-flight Refurbishment and Maintenance of Emittance Wash 
A pplicatiJr 

-Refurbish :Emittance Wash Applicators in accordance with JSC-62354, Maintenance 
Procedure Emittance Wash Applicator Part No. SED33J16809-302. 
-PDAlPIA, and fill Emittance Wash Applicators for flight in accordance with JSC-62007 
following refurbishment. . 
-Pricing shall include completion oftask for two ~ts with an option for two additional 
units to be completed concurrently. Pricing need not be itemized if additional units do not 
increase cost of task in excess of 10%. 
-j>ricing shall be provided on a per-mission basis, and option shall be exercisable on a per
mission basis. 

3.. Developmental Phase Shuttle Flight Support 

-Refurbish Emittance Wash Applicators in accordance with JSC-62354, Maintenance 
Procedure for Emittance Wash Applicator Part No. SED33116809-302 . 
.,.PDA and Fill EWA, PIA and kit or refurbish two EWA Kits (SJD33116880) for each 
shuttle mission supported 
-pIA and kit or refurbish two Brush Kits (SJD33117200) for each shuttle mission 
supported. 
-PIA five EVA Wipes SED33116397-703 for each shuttle mission supported. 
-PDAIPIA one MMWS Tool Stowage Caddy (GD2051000-301) for each shuttle mission 
supported~ 

-Deliver/ship hardware for flight via flight shipping process. 
-Dekit (or refurbish) and inspect hardware for damage npon.return from flight. 

-Pric~g shall include the option to repair minor damage and resolve open DRs and mARs. 
-Pricing shall be provided on a per-mission basis, and options shall be exercisable on a per-
mission basis. 
-lVIissions to supported shall be identified by the contracting officer and identified in the 
Purchase Order (PO) purchasing the Option. 

Notes: 
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DELIVERY ORDER #: CRA VE-EC7-019 

1. Drawings, CARDs, RID summary and status, and baselined Criticality ill VDCPs, 
CDR presentations are available in CRAVE technical library. 

2. Contractor shall provide weekly status of Non-Conformance Records (NCR) and issues 
in the form of an E-mail to the DO Manager (DM). 

3. All TPS (or equivalent documents) performing qualification or acceptance testing, or 
disassembly, repair, and engineering evaluations of hardware once acceptance testing 
~n that specific SIN has been completed, shall require the signature approval of the 
COTR or DM as authorization to proceed. The intent of this note is NOT to require 
approval of every document internal to the contractor authorizing work at their 
facility. 

4. Signature approval is allowed on TPS and NCR's (Qr equivalent documents) via e-mail 
or telecon where required to minimize work stoppage; hardcopy signature is required 
prior to document closure (or equivalent) indication of completion of work. 

5. NCR's shall be communicated to the DM in sufficiellt details to allow for resolution 
wi~out requiring project personnel to be at contractor facilitY. 

6. Material Review Board (MRB) personnel for the disposition of NCR's shall be provided 
by the contractor; NASA:OO Manager required signature for:MRB. 

7~ ADP shall comply with SN-D-0007 and shall be delivered as required by the relevant 
CARD. Three revisions will be prepared as follows: Rev IR to include original OSS . 
build with OSSIDCMA approval, Rev A to include records obtained from QARC ~r 
OSS records for periods of time when the hardware was not under OSS contract with 
ECINT approval only, and Rev B to reflect work done as part of this DO with 
OSSIDCMA approval, 

8. NCR's open at the time of ADP delivery will be transferred into the NASA Quality 
System by NASA or NASA-designated QA personnel. 

9. Copies of internal vendor procedures referenced in work authorizing documents or 
NCRs shall be delivered to the government. Attachment to the parent document is 
acceptable. 

10. Electronic drafts of all work authorizing documents (TPS, Procedures, or equivalent; 
NCRs or equivalent) shall be delivered to the DM in an unlocked/fully-serviceable 
native-fomiat f'ile (where available) or as a searchable PDF (internal OSS forms, 
handwritten documents, database generated forms, etc.). 

11. The certification of the hardware will reflect the requirements in the respective 
hardware CARDs,. 

12. Pricing for this DO shall include five CARD and five drawing updates for each PIN 
With current released CARDslDrawings, in addition to those specifically described in 
this R,FP. 

13. All technical correspondence shall be directed to Mark Dub (281-483-4471, 
mark.o.dub@nasa.gov) and Mr. Joe W. Gensler (281-483-0025, 
joe.w.gensler@nasa.gov). 

14. All GFE flight hardware to be returned to NASA for flight or inventory at the direction 
ofthe DM. Processing criticality, "safe to fly" or "criticality I" shall also be at the 
directio1;l of the DM at the time of request. 

15. Shipment for flight shall be provided by. the contractor, including 1027, 1149, and 
DD250 generation and approval, where applicable. 
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DeliverableslProducts: . 

. , ... - - -, _ v _ r 
--~~-~-- ~< -.;: .;:- .. - ']' ~ - "> - -,- - . - - . -- -

I, - , 
[, I' , , 

(\,: l(~L~t_ C),,,s:~ri.'I:"~\\ ~, \ () \C\ , J,,:U.:r 
-- -- - - I. "_ - - --- .. --- - --- ) ~ -- '<. ~ ---- - .-

, 

Hardware 

MockUp 

Prototype < 

Emittance Wash Applicator Kit 
(SJD33116880) 
Enrittance Wash Applicator 
(SED33116809-302) 
Emittance Wash Applicator Caddy 
(SED33116933-30 1) 
Removab~e Brush Handle Assembly 
(SED33116385-301) PerJnterim 
Netted Foam Brush Assembly 

1 per 
Milestones: 

Certification (SED33119588-701) VCDP/GCAR 
EVA Wipes (SEG33116397-703) 

PIN 
Approval 

Date 

Gel Brush Kit (SJD33117200) 
Gel Brush Caddy (SED33116360-
30x) 
-Removable Brush Handle 
Assemb~y (referenced above) 

- .' -
-SYlgard Gel Btushes 
(SED33116394-70x) 

Flight 

Training 

Tether End Fixture 1 • 
(SDG38119921-701) 
Tether End Fixture Call 1 

Other (test fixture) 
(SDG38119922c70n Per testing 
Round End Fixture schedule 
(SDG38119923-701) 

1 

Round End Fixture Call 
1 (SDG38119924-701) 

GSE 

Test 

Software 
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lADP 
per SIN 
flight (or 

qual) Contract 
Other Products Acceptanqe Data Packages -(ADPs) unit com121etion 
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CREW, ROBOTIt;~ AND VEIDCLE EQUIPMENT (CRA V l!.) CONTRACT 

DELIVERY ORDER "If: eRA VE-EC7-019 

SCHEDULE 

Start Date: September 18, 2006 Finish Date: May 31,2007 

Milestones for this project shall be per the project schedule provided by the offeror with their 
proposal, "DO-l9 Option 1 loaded.mpp". Milestones will be updated in the project schedule and 
resubmitted to match future contract updates. 

TOTAL COST ESTIMATE FOR THIS DO: N/ABase 

FEE: FeeNfABase 

OPTIONl: 

OPTION 2a (2 EWAs): 
OPTION 2b (4 EWAs): 
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DATA REQUIREMENTS 

All DRDs contained in the contract are applica,ble and required unless marked N/A below. 
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GOVERNMENT FURNISHED PROPERTY 

The CRAVE contracts do not anticipate the Government providing any property or . 
facilities unless requested by the contractor in their response to a request for bid. 

Flight hardware test facilities, such as loads, thermal, and vibration are available for the 
execution of this delivery order upon submission of JSC Form 90's to the DO M~ager. 
NASA expects to ","se its own funds for facilities and facility support staff. Test plan, test 
readiness review, and flight hardware docUmentation shall be provided by the delivery 
order contractor. 

In soine rare cases (such as sustaining engineering task) it is known ahead of time that 
government property will be provided to the contractor. In those cases the following list is 
filled out to allow (he proper control of government property: 

A. List of Property the Contractor Shan Replace with modified or upgJ;'aded versions: 

Use of 
Date to be Furnished to 

Item Quantity Acquisition Cost Property 
Location 

the Contractor 

SED33116809-302 
(EWA) 

3 upon award of DO 
*SIN 1001: 2 upon return froin 

Contractor 
mQdification/reP~ per 7 $90,000 Facility or 

STS-121 (approx 9/1/(6) . 
RFP JSC . 2 upon return from 

*All:~odification per STS-115 (approx 
post-flight 10/1/06) . 

maintenance/refurbishmen~ 

proc~dure 

3 upon award of DO 

Contractor 
2. upon return from 

SED33116933-301 
7 $16,279 Facility or S1'S-121 (approx 9/1/06) 

(EWACaddy) 
JSC 2 upon return from 

STS-115 (approx 
10/1/06) ... . ... 

2 upon award of DO 
2 upon return from 

Contractor 
STS-121 (approx 9/1106) 

SED33116360-30x 
6 $20,694 Facility or 

2 upon return from 
(Gel Brush Caddy) STS-115 (approx 

JSC 10/1/06) .. 
Balance per project I 

schedule. . .. .- .. - - - --- . . 
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Contractor 
SDD33116387 -001 25 $159 Facility or Per project schedule 

JSC ---,... - .. 
Contractor 

SDD33116406-001 30 $.30 Facility or Per project schedule 
JSC .. - .... , .. " . 

SED33117201-001, -{)O2,- 90 each Contractor 
dash $.30 Facility or Per project schedule 003 

number JSC 

Per project schedule; 
for use in Option 2; One 

Contractor per ~pplicator·per 
SED33116812-701 20 $290 Facility or refurbishment. Unused 

JSC 'Ullits to be returned 
~ upon completion of DO 

or Option 2. 

n. List of Property the Contractor will return in the same configuration: 

. 
Use of 

Item Quantity Acquisition Cost Property 
Date to be Furnished to 

the Contractor Location· 

5 upon award of DO 

SED33116385-
4 upon return from STS-

301 
Contractor 121 (approx 9/1/06) 

(Removable 
18 $12,000 EA Facility or 4 upon retupI from STS-

Brush Handle) JSC 115 (approx 10/1/06) . 
Balance per project 

schedule. 

16 upon award oInO 
SEG33116397- Contractor 11 upon retu!D from S1;'S-

703 60 $5,000 EA Facility or 115 (approx 10/1/06) 
(EVA Wipes) JSC Balance per project 

schedule. 

SEl)33116394- Contractor 154 upon award of DO. 
70x 218 $196.31EA Facility or Balance per project 

(Gel Brushes) JSC schedule. 

SED36148820-
301lEWA Contractor 

UEon award of DO or Eer 
Vibration 1 $10,000 Facilitv or 

Eroject schedule. 
Fixture JSC 

Assembly) 

SED38119224- 1 ~ $13,500 I Contractor Delivered to contractor _ .. -- - - -
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301 (EWA Facilitv or 9/25/06 
Simulator JSC 

-Assembly} -- .. -,-.,- - --
SED38119219-

301 lEWA 1 $18,000 
Contractor Delivered to contractor 

- -Manifold , 
Facilitv - 9/25/06 

, 

Assembly) 

VT70-191056-
031 Ql;PC Contractor 

ArcjetTile 2 $35,000 Facilitv or '9/29/06 
ArraITest JSC 

Article, Lan!:e) -- ,-_"-'_' 

VT70-1910S1", 
013lEPC Contractor 

Arcjet Tile 1 $25,000 FacilitV or 9/26/06 
ArraITest JSC 

Article, Small) 
Netted Foam Contractor 

Brush Assembly 25 $1,100.50 EA Facilitv or 10/17/06 SED33 I 19588-
JSC 701 
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DELIVERY ORDER #: CRA VE-EC7-019 

GOVERNMENT FURNISHED PROPERTY 
(Continued) 

C. List of Property the Contractor Shall Replace if Damaged or lost during the course of 
the effort: 

List is mclusive of all hardware referenced in Tables A and B. The government accepts the risk, 
including repair/replacement cost, of incurring damage to flight hardware during the course of 
approved qualification and /lcceptance testing conducted in accordance with the CARD. Efforts 
to repair/replace property damaged during the course of approved testing are cost-reimbursabl~.> 
with additional, fee for such effort to be considered. If an item is lo'st Qr damaged through no , . ./ 
fault of the contractor at a facility outside the contractor's control, the contractor will not be held 
responsible for the loss provided that due care and diligence were taken in transferri:i:tg the 
hardware to the facility (i.e., hardware was appropriatelypackaged, transfer was documented, 
test facility acknowledged receipt of hardware). Responsibility for loss or damage to hardware, 
including repair/replacement cost, caused by contractor negligence is the sole responsibility of 
the contractor. 
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ORDER FOR SUPPLIES OR SERVICES 
Nation.1 Aeron.utlcs and Space Administration I 
lyndon B. Johnson Sp.ce Center 
Houston. TX 77058 

Page .1 of 22 

NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 1. Order No. 2. Date of Order 
NNJ05HB40B, CRAVE DO 19R3 See Block 10 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 

NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.iBuyer: !lli2lMarv Thomas 

Tel No.: 281-483-8828 Fax: 281-483-4173 
E-mail: marv.f.thomasl1ilnasa.aov 
5. Contractor: 

Oceaneering Space Systems 
Attn: Contracts 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: 2111-226-5371 x Fax: 261-226-5545 

4. Ship To: 
Transportation Officer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Accountable Property 

Order No.: NNJ05HB40B. CRAVE DO 19R3 

6. Deliver On or Before: 9/19/06 thru 3/31/08 

F.O.B. Point: Destination 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE DO 19R3 

8. Type of Order: o PURCHASE: Please furnish the following in 
accordance with the conditions specified on this order. 
Reference: __ 

o DELIVERY: Except for the Tenns and Conditions of Purchase 
Order listed o.n the following page, tlhis delivery order is SUb/'ect to 
instructions contained on this fonn and is issued subject to he . 
tenns and conditions of contract number: __ 

9. Written acceptance of this order by contractor [0 J is, [181 J Is not 
required. Sign below if required and return to contracting ollicer. 

10. Name: Ronald Johnson 

Name: ___________ (Person authorized to Sign) 

Signature: __________ Date: __ Signature: '(J rvvInO" I ~J)), /I ate: J !lt107 
CONTRACT 3 OFFICER +J.i/I 

ITEM 
NO. 

11. Schedule 

OESCHIPTION 

Criticality One Certification of Shuttle EVA Tile Repair Hand Tools 

Revision 3 to CRAVE·EC·D019Is issued to delete and replace 0019R2 
in its entirelY. Revision 3 revises the Statement of Work. Option 1 has 
been repriced and the completion date extended to 7/31/07; Option 3 has 
been added to the 00. 

lo~ Option 1: Plice Is changed from $. . ._ • _ ...... 
Option 3: Development Phase Shuttle Flight Support. Option 3 includes 

2 nights: STS-118 and STS-120 
Period of Performance" 4/4107 thru 3/31/08 

Pricing for Option 3 is valid for work completed by 3/31/011. 

(continued next page) 

12. For JSC Internal Use Only: 

OUANTITY 
ORDEREO 

Lot 

Requisition No.: NIA o COMPo 0 PART. 

Rissue To: EC/Joe Gensler, x30025 For: EC5/Mark Dub, x34471 

14. Quantities In "Quantity Accepted' Column Have Been o INSPECTED 0 ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

BY: 

UNIT 
UNIT 

PRICE 

PPC: __ 

Authorized U.S'.-Go~ernment Representative 
JSC Form 1429 (Rev November 10. 2004) (MS Word Augus11995) 

AMOUNT 

13. Total 

aUANTITY 
ACCEPTEO 

$ $1,128,283 

Date 



Order No.: OO111R3 ORDEf ))R SUPPLIES OR SERVICES 
, J PAGE 2 of 22 

(CONTINUATION SHEET) 

SCHEDULE 

ITEM DESCRIPTION 
QUANTllY UNIT UNIT AMOUNT QUANTllY 
ORDERED PRICE ACCEPTED 

D019R2 recap of delivery order value has been deleted in Its entlrey and 
replaced with the following corrected recap. 

RECAP OF DELIVERY ORDER VALUE: 

PRIOR VALUE THIS ACTION REVISED VALUE 

-

CUM REVISED VALUE: $1,167,217 

THIS IS A CPFF DELIVERY ORDER. 



CREW, ROBOT_AND VEIDCLE EQUIPMENT (CRA .ONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

NOTE: REVISION B. CHANGES MADE THIS REVISION SHOWN IN COLORED 
TEXT OR DELETION BLOCK. LOCATION OF CHANGES MARKED WITH 
CHANGE BARS IN LEFT MARGIN 

PROPOSAL INSTRUCTIONS: _ DRAFT -- COMMENTS DUE BY: 8/3112006 
.x. FINAL - PROPOSAL DUE BY: 9/12/2006 

DO TITLE: Certify shuttle orbiter TPS repair hardware to Criticality I requirements. 
DO Type: ..x.. CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Joe Gensler, EC7 

DO Manager: Mark Dub, EC7 

DO Mgr. Alternate: NIA 

Concurrences:' 

Mark Dub 
DO Manager 

Joe Gensler 
Division TMR 

Harold Reimers 

Phone: (281) 483-0025 

Phone: (281) 483-4471 

Phone: ~ 

DO Mgr. Management 
Joe Gensler 
COTR 

Steve Miller 
S&MA 

Task Contains Flight Hardware, Flight Software or GSE? ...A Ye.s 

Program Supported: X Shuttle _ISS X EVA _Advanced ____ _ 

WBS: K-l.0 EVA 2.0FCE 3.0EVR ECLSS 5.0 ATCS 6.0 CHeCS 

For purposes ofcomp/yingwith FAR 52.232-22, Limitation of Funds, the total amount allotted by the 
Government to contract is specified in clause B.6, Contract Funding. The fonding listed in B. 6 is the 
amount allotted for all Delivery Orders on the contract combined. 

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict betWeen 
the contract and this Delivery Order, the contract shall prevail. 

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown above 
and in the contract within Section C, Table 1. -, 
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CREW, ROBO. ANUVEIDCLE EQUIPMENT (CRA. CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

Narrative Task Description 

Background / Problem Description: 

As a part of the Space Shuttle Program (SSP) Return-to-Flight Effort, a set of EVA Tile 
Repair tools were developed. The purpose of these tools is to allow crewmembers to effect 
EVA repair of damaged.orbiter thermal protection system surfaces. Included among these 
repair tools are Emittance Wash Applicator (EWA) Kits and Gel Brush Kits. Both are 
used, if required, to repair damaged tile surfaces. ' 

The launch schedule ofSTS-114 coincided with the development scheduleC)fthese repair 
tools, and did not allow for the completion of a traditional certification, which verifies 
functionality of the hardware for use in its intended (EVA) environment. The shuttle 
program recognized this, and temporarily reduced the functional criticality of the 
hardware to a level of 3/3, limiting the scope of the hardware certification to launch, 
landing, and EVA use safety.. The effectivity of this limited certification is for missions 
STS-1l4, 121, and 115, and will be extended to include 116 (December 2006) . 

Based upon this decision, the EW A Kits and Gel Brush Kits were certified as Criticality 3 
hardware, and flown aboard STS-114 and 121. Use of the EWA Kitto coat a damaged tile 
sample was successfully demonstrated during an in-flight DTO experiment on STS-114. 

In an effort to develop a maximally robust repair capability, the shuttle program desires to 
upgrade the existing Criticality 3 certifications of the EW A Kits and Gel Brush Kits to a 
traditional certification, which verifies functionality in the intended (EVA) environment, 
and would meet the safety and reliability certification standards required of Criticality 1 
hardware. 

The scope of this task is to upgrade the present Criticality 3 certifications of existing flight 
hardware to satisfy Criticality 1 requirements, with the exception of the EVA Wipe as 
Criticality III, by completing environmental qualification and acceptance testing on 
qualification and flight hardware .articles, and Acceptance Data Packages (ADPs) as , 
applicable, updating the products associated with the Verification Compliance Data 
Package (including the GCAR, RAESR, CARD-VCM), closing open Discrepancy Reports 
(DRsINCRs) on flight articles, and closing constraints to certification including·F1ARs and 
RIDs. 

The Emittance Wash Applicator Kit (SJD33116880) contains the following hardware: 
-Emittance Wash Applicator (SED33116809-302) 
-Emittance Wash Applicator Caddy (SED33116933-301) 
-Removable Brush Handle Assembly (SED33116385-301) 
-Netted Foam Brush Assembly (SED33119588-701) 
-EVA Wipes (SEG33116397-703) 

The Gel Brush Kit (SJD33117200-30x) contains the following hardware: 
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CREW,ROBOTI.AND VEmCLE EQUIPMENT (CRA .CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

-Gel Brush Caddy (SED33116360-30x) 
-Removable Brush Handle Assembly (SED33116385-301) 
-Sylgard Gel Brushes (SED33116394-70x) 

Task Description: 

1. Emittance Wash Applicator rEWA) and EWA Caddy 

Certify Einittance Wash Applicator (EWA) SED33116809-302, and EWA Caddy 
SED33116933-301 to meet Criticality I requirements. This task shall encompass deletion of 
the Rotating Mount Assembly, PIN SED33117870-302, from the EWA Caddy. 

Baselined Criticality ill VCDP and products shall be used to satisfy certification 
requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy Criticality I certification requirements. EXisting FMEAlCILs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEAlCIL or hazard report shall be generated if a problem an~ysis 
reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Completion of open qualification testing required by CARD: 

-combined loadlinternal pressure/mechanism testing or analysis of -302 configuration 
-qualification life cycling of mechanisms testing 

-Review of Design Memorandum documenting compliance of design with design 
requirements 

-Acceptance testing of the following flight hardware in accordance with CARD: 
-7 Emittance Wash Applicator Assemblies SED33116809-302 
-7 Emittance Wash Applicator Caddy Assemblies SED33116933-301 

- Identify cause of high actuation torque on EWA SIN 1001 Main Valve and repair valve 
to retu.rn actuation torque to limits specified in JSC-62007B, Paragraph 3.1.1.7.1.2 

-Rework of seven EW A Caddy Assemblies to include: 
-Separable/reconfigurable kit-level labels 
-Pocket stiffener design updates to include stiff protector for netted brush 
head and updated brush handle slider guard to prevent stiffener cracking 

-Softgoods tether points sufficient to withstand qualification testing to a minimum 
4.0 FOS above tether load requirements specified in CARD. 

-Developmental Hardware Phase Shuttle Flight Support 
-Fill EW A, PIA, and kit two EWA Kits (SJD33116880) each for Shuttle 
Missions STS-116 and STS-117 and ship for flight. 
-Dekit and inspect hardware for damage upon return from flights STS-115, 

STS-116, and STS-117. 
-Completion of MSVR 
-Completion of Verification Compliance Data Package 

-Update of GCAR 
-Update ofRAESR 
-Update of Verification Compliance Matrix 
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CREW, ROBO.S AND VEIDCLE EQUIPMENT (C~) CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

-Closure of FIARs JSCECI203, 1207, 1300, and 1305 including required 
engineering evaluations, analyses, or tests for fmal resolution. 

-Closure of deferred Revie~ Item Dispositions 
- Engineering/technician/quality support for EW A engineering evaluations including 
sample preparation for arcjet testing. 
- Resolution of Rotating Mount FIAR 1323 and DR EI0630083 for mechanism cycling 
failure, including engineering evaluations for failure investigation. 

- Delete Rotating Mount from EW A Caddy 
- Interim manufacturing documents and/or dispositions to allow work to proceed 

pending drawing and CARD updates 
- EW A Caddy drawing update to remove Rotating Mount 
- EWA ~t drawing update to remove/update views of R.otating Mount (as required) 
- Update to CARD JSC-62007 to remove Rotating Mount associated reqUirements 
and update envelope and relevant figures 

- EW A Caddy RAESR update to remove references to Rotating Mount 
-Remove rotating mount from EWA caddy and configure caddy as required by 
updated drawing. 
- Downgrade and/or disposition of existing hardware and return to NASA 

2. Removable Brush Handle Assemblv 

Certify Removable Brush Handle Assembly SED33116385-301 to meet Criticality I 
requirements. 

Baselined Criticality III VCDP and products shall be used to satisfy certification 
requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy Criticality I certification requirements. Existing FMEAlCILsor 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEAlCIL or hazard report shall be generated if a problem analysis 
reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Completion of open qualification testing required by CARD. 

-qualiflcation.for acceptance vibration testing 
-qualification thermal testing 
-qualification life cycling of mechanisms testing 

-Review of Design Memorandum documenting compliance of design with design 
requirements 

-Acceptance testing of 18 flight units in accordance with CARD. 
-Completion of Mechanical Systems Verification Plan (MSVP), including MSVR 
-Completion of Verification Compliance Data Package . 

-Update of GCAR 
-Update of RAESR 
-Update of Verification Compliance Matrix 

-Closure of open Review Item Dispositions 
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3. Netted Foam Brush Assembly SED33119588-701 

Certify the Netted Foam Brush Assembly SED33119588-701 to meet Criticality I 
requirements . 

. Criticality III VCDP and products baselined for the certification of Foam Brush 
Assemblies (SED33117199) shall be used as a basis for meeting certification requirements 
for the netted foam brush by similarity unless they are identified,by the DM or Safety and 
~ssion Assurance as inadequate to satisfy Criticality I certification requirements. 
Existing FMEAlCILs or hazard reports shall be revised if ~ analysis of a problem reveals 
an increase in risk. A new or revised FMEAlCIL or hazard report shall be generated if a 
problem analysis reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 

-Review of Design Memorandum documenting compliance of design with design 
requirements 

-Acceptance testing of 25 GFE flight units in accordance with CARD. 
-Assembly of Verification Compliance nata Package 

-GeAR 
-Update/develop RAESR 
-Verification Compliance Matrix 

-Closure of deferred Review Item Dispositions 

4. Gel Brush Caddy Assembly SED33116360-30x, and Gel Brush 
Assemblies SED33116394-30x 

Certify Gel Brush Caddy Assembly SED33116360-30x, and Gel Brush Assemblies 
SED33116394-30x to meet Criticality I requirements. . 

Baselined Criticality III VCDP and products shall be used to satisfy certification 
requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy Criticality I certification requirements. Existing FMEAlCILs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEAlCIL or hazard report shall be generated if a problem analysis 
reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Coordination of a community review meeting to incorporate reviewer comments into draft 
requirements documents (CARDs) for the Gel Brush Caddy and the Sylgard Gel Brushes 
-Coordination of reviewer signoff and XA Tools Panel Baseline of the Gel Brush Caddy 
and Sylgard Gel Brush CARDs I 

-Completion and documentation of testing required to extend shelf life of gel brush 
assemblies to a minimum of five years. 
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-Completion of testing required to assess functional performance of Sylgard gel with 
respect to temperature range specified in CARD. 
-Rework of six flight unit caddies to include addition of 10-layer MLI insulation, 
separable/reconfigurable kit-level labels, and softgoods tether points sufficient to withstand 
qualification testing to a 4.0 FOS above tether load requirements specified in CARD. 
':'Update of thermal analytical products reflecting addition of MLI insulation. 
-Acceptance testing of the following flight hardware in accordance with CARD: 

-6 Brush Caddy Assemblies SED33116385-30x 
-100 Gel Brush Assemblies SED33116394-30x 

-Developmental Hardware Phase Shuttle Flight Support 
-PIA and Kit two Gel Brush Kits (SJD33117200) each for Shuttle Missions STS-116 
and STS-117 and ship for flight. 

-Dekit and inspect hardware for damage upon return from flights STS-12l, 
STS-116, and STS-U7 

-Completion of Verification Compliance Data Package 
-Update of GeAR 
-Update of RAESR 
-Update of Verification Compliance Matrix 

-Closure of deferred Review Item Dispositions 

5. EVA Wipe Assembly SED33116397-703 

Certify EVA Wipe Assembly SED33116397-703 to meet updated Criticality III 
requirements. 

Baselined Criticality III VCDP and products shall be used to satisfy certification 
. requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy updated Criticality I certification requirements. Existing 
FMEAlCILs or hazard reports shall be revised if an analysis of a problem reveals an 
increase in risk. A new or revised FMEAlCIL or hazard report shall be generated if a 
problem analysis reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Review of Design Memorandum documenting compliance of design with design 

requirements 
-Completion of Verification Compliance Data Package 

-Update of GCAR 
-Update ofRAESR 
-Update of Verification Compliance Matrix 

-Acceptance testing of 60 flight units in accordance with CARD 
-Closure of deferred Review Item Dispositions 
- Rework of up to 50 EVA Wipes to correct out of configuration discrepancy (missing 
labeling on tether loop) 
- Flight delivery ofunkitted EVA Wipes for STS-116 and STS-117 

. 
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DELIVERY ORDER #: CRA VE-EC7-019 

Contract Options 
The following task options shall be priced separately: 

1. Alternate Schedule Certification 
Provide pricing and schedule to complete this delivery order on a schedule chosen by the 
bidder to ~mize cost. In addition, this option shall include kitting and shipping.offlight 
hardware as Criticality ill hardware for flights scheduled to occur during the performance 
period oftbis delivery order (STS-116 & STS-l17) duration of project. Schedule shall 
require Sylgard Gel Brush 5-year shelf life extension task to be complete prior to 11/30/06. 

2. Post-flight Refurbishment and Maintenance of Emittance Wash 
Applicator 

-Refurbish Emittance Wash Applicators in accordance with JSC-62354, Maintenance 
Procedure Emittance Wash Applicator Part No. SED33116809-302. 
-PDAlPIA, and fill Emittance Wash Applicators for flight in accordance With JSC-62007 
following refurbishment. . 
-Pricing shall include completion of task for two units with an option for two additional 
units to be completed concurrently. Pricing need not be itemized if additional units do not 
increase cost of task in excess of 10%. . 
-Pricing shall be provided on a per-mission basis, and option shall be exercisable on a per- , 
mission basis. 

3. Developmental Phase Shuttle Flight Support 

-Refurbish Emittance Wash Applicators in accordance With JSC-62354, Maintenance 
Procedure for Emittance Wash Applicator Part No. SED33116809-302. 
_PDA and Fill EWA, PIA and kit or refurbish two EWA Kits (SJD33116880) for each 
shuttle mission supported 
-PIA and kit or refurbish two Brush Kits (SJD33117200) for each shuttle mission 
supported. 
-PIA five EVA Wipes SED33116397-703 for each shuttle mission supported. 
-PDA/PIA one MMWS Tool Stowage Caddy (GD2051000-301) for each shuttle mission 
supported. 
-Deliver/ship hardware for flight via flight shipping process. 
-Dekit (or refurbish) and inspect hardware for damage upon.return from flight. 

-Pricing shall include the option to repair minor damage and resolve open DRs and FIARs. 
-Pricing shall be provided on a per-mission basis, and options shall be exercisable on a per-
mission basis. . 
-Missions to supported shall be identified by the contracting officer and identified in the 
Purchase Order (PO) purchasing the Option. 

Notes: 
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1. Drawings, CARDs, RID summary and status, and baselined Criticality ill VDCPs, 
CDR presentations are available in CRAVE technical library .. 

2. Contractor shall provide weekly status of Non-Conformance Records (NCR) and issues 
in the form of an E-mail to the DO Manager (DM). 

3. All TPS (or equivalent documents) performing qualification or acceptance testing, or 
disassembly, repair, and engineering evaluations of hardware once acceptance testing 
on that specific SIN has been completed, shall require the signature approval of the 
COTR or DM as authorization to proceed. The intent of this note is NOT to require 
approval of every document internal to the contractor authorizing work at their 
facility. 

4. Signature approval is allowed on TPS and NCR's (or equivalent documents) via e-mail 
or telecon where required to minimize work stoppage; hardcopy signature is required 
prior to document closure (or equivalent) indication of completion of work. 

5. NCR's shall be communicated to the DM in sufficient details to allow for resolution 
without requiring project personnel to be at contractor facility. 

6. Material Review Board (MRB) personnel for the disposition of NCR's shall be provided 
by the contractor; NASA DO Manager required signature for MRB. 

7. ADP shall comply with SN-D-0007 and shall be delivered as required by the relevant 
CARD. Three revisions will be prepared as follows: Rev IR to include original OSS 
build with OSSIDCMA approval, Rev A to include records obtained from QARC or 
OSS records for periods of time when the hardware was not under OSS contract with 
ECINT approval only, and Rev B to reflect work done as part of this DO with 
OSSIDCMA approval, 

8. NCR's open at the time of ADP delivery will be transferred into the NASA Quality 
System by NASA or NASA-designated QA personnel. 

9. Copies of internal vendor procedures referenced in work authorizing documents or 
NCRs shall be delivered to the government. Attachment to the parent document is 
acceptable. 

10. Electronic drafts of all work authorizing documents (TPS, Procedures, or equivalent; 
NCRs or equivalent) shall be delivered to the DM in an unlocked/fully-serviceable 
native-format me (where available) or as a searchable PDF (internal OSS forms, 
handwritten documents, database generated forms, etc.). 

11. The certification of the hardware will reflect the requirements in the respective 
hardware CARDs,. 

12. Pricing for this DO shall include five CARD and five drawing updates for each PIN 
with current released CARDslDrawings, in addition to those specifically described in 
thisRFP. 

13. All technical correspondence shall be directed to Mark Dub (281-483-4471, 
mark.o.dub@nasa.gov) and Mr. Joe W. Gensler (281-483-0025, 
joe. w .gensler@nasa.gov). 

14. All GFE flight hardware to be returned to NASA for flight or inventory at the direction 
ofthe DM. Processing criticality, "safe to fly" or "criticality I" shall also be at the 
direction of the DM at the time of request; 

15. Shipment for flight shall be provided by the contractor, including 1027, 1149, and 
DD250 generation and approval, where applicable. 
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DeliverableslProducts: . 

Hardware 

MockUp 

Prototype 

Emittance Wash Applicator Kit 
(SJD33116880) 
Emittance Wash Applicator 
(SED33116809-302) 
Emittance Wash Applicator Caddy 
(SED33116933-301) 
Removable Brush Handle Assembly 
(SED33116385-301) Per Interim 
Netted Foam Brush Assembly 

I per 
Milestones: 

Certification (SED33 I 19588-701) VCDP/GCAR I 
EVA Wipes (SEG33116397-703) 

PIN 
Approval 

Date 

Gel Brush Kit (SJD33117200) 
Gel Brush Caddy (SED33 I 16360-
30x) 
-Removable Brush Handle 
Assembly (referenced above) 
-Sylgard Gel Brushes 
(SED33116394-70x) 

Flight I 

Training 

Tether End Fixture I 
(SDG38119921-701} 
Tether End Fixture Cay I 

Other (test fixture) 
(SDG38 I I 9922-70n Per testing STEID 
Round End Fixture schedule 
(SDG38119923-701} 

1 

Round End Fixture Cay 
I (SDG38119924-70n 

GSE 

Test 

Software 
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. 

lADP 
per SIN 

flight (or 
qual) Contract 

Other Products Acceptance Data Packages (ADPs) unit comRletion 
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SCHEDULE 

Start Date: September 18, 2006 Finish Date: May 31,2007 

Milestones for this project shall be per the project schedule provided by the offeror with their 
proposal. '~DO-19 Option 1 loaded.mpp". Milestones will be updated in the project schedule and 
resubmitted to match future contract updates. 

TOTAL COST ESTIMATE FOR TIDS DO: N/A Base 

FEE: Fee N/A Base 

OPTION 1: 

OPTION 2a (2 EWAs): 
OPTION 2b (4 EWAs): 
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DATA REOUIREMENTS 

All DRDs contained in the contract are applic~ble and required unless marked N/A below. 
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CREW, ROBO. AND VEmCLE EQUIPMENT (CRAW CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

GOVERNMENT FURNISHED PROPERTY 

The CRAVE contracts do not anticipate the Government providing any property or . 
facilities unless requested by the contractor in their response to a request for bid. 

Flight hardware test facilities, such as loads, thermal, and vibration are available for the 
execution of this delivery order upon submission of JSC Form 90's to the DO Manager. 
NASA expects to use its own funds for facilities and facility support staff. Test plan, test 
readiness review, and flight hardware documentation shall be provided by the delivery 
order contractor. 

In some rare cases (such as sustaining engineering task) it is known ahead of time that 
government property will be provided to the contractor. In those cases the following list is 
filled out to allow the proper control of government property: 

A. List of Property the Contractor Shall Replace with modified or upgraded versions: 

Use of Date to be Furnished to 
Item Quantity Acquisition Cost Property 

Location 
the Contractor 

.- --- -- - -
SED33116809-302 

(EWA) 
3 upon award of DO 

*SIN 1001: Contractor 
2 upon return frOin 

modification/repair per 
7 $90,000 Facility 0t: STS-121 (approx 9/1/06) 

RFP 2 upon return from 
* All: modification per 

JSC STS-115 (approx 
post-flight 10/1/06) 

maintenance/refurbishment 
procedure 

3 upon award of DO 

Contractor 2 upon return from 
SED33116933-301 

7 $16,279 Facility or 
STS-121 (approx 9/1/06) 

(EWACaddy) 2 upon return from 
JSC STS-115 (approx 

- - .- ,- .. " ... -... _ ... " 
10/1/06) 

2 upon award of DO 
2 upon return from 

I Contractor 
STS-121 (approx 9/1/06)! 

2 upon return from ' SED33116360-30x 
6 $20,694 Facility or 

(Gel Brush Caddy) ! JSC 
STS-115 (approx 

i I 10/1/06) , , I I I Balance per project ! 

! 
: 

I ! schedule. 
... --_. ,_ .. _--_ .. - , .. , ....... .. . .. -. - ., _." . _---,. -, . .. _ .. - . -.'--" .... ..... ,.,-. - -'.'." . - --- .- .. ...... -... ..'. ..-.. --- ,... . 
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DELIVERY ORDER #: CRA VE-EC7-019 

SDD33116387-001 25 I $159 
I Contractor I 

Facility or Per project schedule 
. 

tj 
\ JSC -- -.', - ~ .. --. - .~~--•• * 

I Contractor 
SDD33116406-001 $.30 Facility or Per project schedule 

JSC _. ..... " ..... -
SED33117201-001, .002,- 90 each Contractor 

dash $.30 Facility or Per project schedule 003 number JSC 

Per project schedule; 
for use in Option 2; one 

Contractor per applicator per 
SED33116812-701 20 $290 Facility or refurbishment. Unused 

JSC units to be returned 
~ upon completion of DO 

or Option 2. 

B .. List of Property the Contractor will return in the same configuration: 
. -

Item Quantity Acquisition Cost 

$12,000 EA 

SL '7-
703 60 

(EVA Wipes) 

Use of 
Property 
Location 

Contractor 
Facility or 

JSC 

...;ontractor 
Facility or 

JSC 

Date to be Furnished to 
the Contractor 

5 upon award of DO 
4 upon return from STS-

121 (approx9/1/06) 
4 upon return from STS-

115 (appro:xl0/l/06) 
Balance per project 

leo 

.H, . ...-d of DO , 
11 upon return from STS-

115 (approx 1(/1/06) 
Balance' project 

sch 
-----=1/""--=--=-===-===i:=-r:/)ntracto~J\ 154 upon I -d of DO. 

Balance" project 
(GeIBrus.iHls) sched .. le. 

F===='9F=-===' .... +=- =:i=' .. -= .... = .. ======-.-=-=1 .. -

SF., 
te. 

S~i%~~O- 1 '-"'-r~~~~~or 
Vibration 1 I $10.000 F ilitv Upon award of DO or per: 

- ac or project schedule. . 
Fixture JSC , 

_ Assembly) J -' _ ~ ____ J 
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301(EWA Facility or 9/25/06 
Simulator JSC 

. Assemblyl . .. .. '.,.-" .. .. --' .. -. 
SED38119219-

30HEWA 
1 $18,000 Contractor Delivered to contractor 

Manifold 
, 

Facility 9/25/06 
Assembly) 

VT70-191056-
031 (EPC Contractor 

Arcjet Tile 2 $35)000 Facility or 9/29/06 
Arra:y: Test JSC 

Article Lar!!e) - .. ._.',-._ .. 

VT70-19105i", 
013 (Epe Contractor 

ArcjetTile 1 $25)000 Facilitv or 9/26/06 
Arra:y: Test JSC 

Article, Small) 
- - . -

Netted Foam Contractor 
Brush Assembly 

25 $UOO.50EA Facility or 10117/06 SED33119588-
701 JSC 
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CREW, ROBOTI'AND VEIDCLE EQUIPMENT (CRA .CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

GOVERNMENT FURNISHED PROPERTY 
(Continued) 

C. List of Property the Contractor Shall Replace if Damaged or lost during the course of 
the effort: 

List is inclusive of all hardware referenced in Tables A and B. The government accepts the risk, 
including repair/replacement cost, of incurring damage to flight hardware during the course of 
approved qualification and acceptance testing conducted in accordance with the CARD. Efforts 
to repair/replace property damaged during the course of approved testing are cost-reimbursable) 
with additional fee for such effort to be considered. If an item is lost or damaged through no .. , 
fault of the contractor at a facility outside the contractor's control, the contractor will not be held 
responsible for the loss provided that due care and diligence were taken in transferrmg the 
hardware to the facility (Le., hardware was appropriately packaged, transfer was documented, 
test facility acknowledged receipt of hardware). Responsibility for loss or damage to hardware, 
including repair/replacement cost, caused by contractor negligence is the sole responsibility of 
the contractor. 

Page 19 of20 



" 

CREW, ROBOTII AND VEIDCLE EQUIPMENT (CRA I CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

Page 200f20 



NIIIIional Aeronautics and SPII'" Admlnislnldon 

ORDER FOR SUPPLIES OR SERVICES Lyndon B. Johneon Space CenIe< Page 10f 22 
Houoton,1)( T105I 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJOSHBoiIOB, CRAVE DO 19R2 S .. Block 10 

Certified for National Defense under OPAS (15 CFR 700) OO-C9 
3. Issuing Omce: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Onicer, BuildIng 421 
Hous1on, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer. BH2IMarv Thomas Houston, TIt 77058-3696 

Mark For: Accountable Property 

Tel No.: 201-4§3=!!828 Fax: ~81-483-4173 Order No.: 1:l1::I.!Q:lIJ~B CB~ CQ H!BZ 
e-mail: m"N I.OOV 

5. Contractor. 6. Deliver On or Before: see Statement ofWor1< 

Oceaneerlng Space Systems F.O.B. Point: Destination 
Attn: Contracts 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BIlLING ADDRESS: 
Phone: 281-228.0371 x Fax: 281-228-5545 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE DO 19R2 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchasa 
accordance with the conditions specified on this order. Order listed on the fOllowin~ page, this delivery order is subject to 
Reference: __ instructions contained on th s fOml and is Issued subject to the 

terms and conditions of contract number: __ 

9. Written acceptance ofthis order by contractor [0 1 is, !I8Il is not 10. Name: Julie K. Karr 
required. Sign below if required and return to contracting ofticer. 

Name: (Person authorized to sign) 

Signature: Jr L~l f-'l ~ Date:LJk[6J Signature: Date: -- IC pNTRACTING OFFICER 
11. Schedule 

ITEM 
DEScRIPOON 

QUANTITY I~NIT UMT 
AMOUNT 

ClUl'J'ITrrY 

NO. ORDERED PRICE ACCEPTED 

Crnlealily One Cerlifta.llon of Shuttle EVA Tile Repair Hand Tools 

1 Revision 2 to DO-CRA VE-EC-OI9 Is Issued to revise the SOW and Lot vf Increase the delivery order value. Chanll8S to the SOW have been 
vertically bar-marked In the attached replacement SOW. 

Opdon 1 Period of Performance: 9119106 to 7113107 

Opdon 3 Period of Perform.nee: 4104107 to 3131/08 

(Pricing for Option 3 valid for work completed by 3131/O!1) 

THIS IS A CPFF DELIVERY ORDER 

continued next page 

12. ForJSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
RissueTo: EC/Jge Gensler x30025 For. j;C5JMgl1s Dub x34471 

$ 2,079,927 NTE 

14. QUantities in "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Repr ..... nlalive Date 
JSC F0/ITI1<429 (Rev November 10, 2OCM) (MS Word ""gue! 1895) 



"..:' 
, ! 

',", 

Order No.: CRAVE DO 111R2 Of< R FOR SUPPLIES OR SERVICE: PAGE 2 of 22 
(CONTINUATION SHEET) 

SCHEDULE 

ITEM DESCRIPTION 
QUANTITY UNIT UNIT AMOUNT QUANTITY 
ORDERED PRICE ACCEPTED 

RECAP OF DELIVERY ORDER VALUE: 

PRIOR VALUE THIS ACTION REVISED VALUE 

Cost b'f bY ! b'-f 
Fee 

Total $l,U!l2,O~u $987,907 $2,079,S-LI 

I 

JSC FoIm 14211 (R f!N November 10 2004 )(MS Word A ust 1 ug 995) 



CREW, ROBOT. AND VEmCLE EQUIPMENT (CRA. CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

NOTE: REVISION B. CHANGES MADE THIS REVISION SHOWN IN COLORED 
TEXT OR DELETION BLOCK. LOCATION OF CHANGES MARKED WITH 
CHANGE BARS IN LEFT MARGIN 

PROPOSAL INSTRUCTIONS: DRAFT -- COMMENTS DUE BY: 8/3112006 
X FINAL -- PROPOSAL DUE BY: 9/12/2006 

DO TITLE: Certify shuttle orbiter TPS repair hardware to Criticality I requirements. 
DO Type: ..x.. CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Joe Gensler, EC7 

DO Manager: Mark Dub, EC7 

DO Mgr. Alternate: N/A 

Concurrences: 

Mark Dub 
DO Manager 

JQe Gensler 
Division TMR 

Harold Reimers 

Phone: (281) 483-0025 

Phone: (281) 483-4471 

Phone: N/A 

DO Mgr. Management 
Joe Gensler 
COTR 

Steve Miller 
S&MA 

Task Contains Flight Hardware, Flight Software or GSE? ...xYe.s 

Program Supported: X Shuttle _ISS oK EVA _Advanced _____ _ 

WBS: x... 1.0 EVA 2.0FCE 3.0 EVR ECLSS 5.0 ATCS 6.0 CHeCS 

For purposes of complying with FAR 52.232-22, Limitation of Funds, the total amount allotted by the 
Government to contract is specified in clause B.6, Contract Funding. The funding listed in B.6 is the 
amount allotted for all Delivery Orders on the contract combined. 

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict between 
the contract and this Delivery Order, the contract shall prevail. 

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown above 
and in the contract within Section C. Table 1. 
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CREW, ROBOTI AND VEIDCLE EQUIPMENT (CRA' CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

Narrative Task Description 

Background / Problem Description: 

As a part of the Space Shuttle Program (SSP) Return-to-Flight Effort, a set of EVA Tile 
Repair tools were developed. The purpose of these tools is to allow crewmembers to effect 
EVA repair of damaged orbiter thermal protection system surfaces. Included among these 
repair tools are Emittance Wash Applicator (EW A) Kits and Gel Brush Kits. Both are 
used, if required, to repair damaged tile surfaces. 

The launch schedule of STS-114 coincided with the development schedule of these repair 
tools, and did not allow for the completion of a traditional certification, which verifies 
functionality of the hardware for use in its intended (EVA) environment. The shuttle 
program recognized this, and temporarily reduced the functional criticality of the 
hardware to a level of 3/3, limiting the scope of the hardware certification to launch, 
landing, and EVA use safety. The effectivity of this limited certification is for missions 
STS-114, 121, and 115, and will be extended to include 116 (December 2006) 

Based upon this decision, the EWA Kits and Gel Brush Kits were certified as Criticality 3 
hardware, and flown aboard STS-114 and 121. Use of the EWA Kitto coat a damaged tile 
sample was successfully demonstrated during an in-flight DTO experiment on STS-114. 

In an effort to develop a maximally robust repair capability, the shuttle program desires to 
upgrade the existing Criticality 3 certifications of the EW A Kits and Gel Brush Kits to a 
traditional certification, which verifies functionality in the intended (EVA) environment, 
and would meet the safety and reliability certification standards required of Criticality 1 
hardware. . 

The scope of this task is to upgrade the present Criticality 3 certifications of existing flight 
hardware to satisfy Criticality 1 requirements, with the exception of the EVA Wipe as 
Criticality III, by completing environmental qualification and acceptance testing on 
qualification and flight hardware articles, and Acceptance Data Packages (ADPs) as 
applicable, updating the products associated with the Verification Compliance Data 
Package (including the GCAR, RAESR, CARD-VCM), closing open Discrepancy Reports 
(DRsINCRs) on flight articles, and closing constraints to certification including FIARs and 
RIDs. 

The Emittance Wash Applicator Kit (SJD33116880) contains the following hardware: 
-Emittance Wash Applicator (SED33116809-302) 
-Emittance Wash Applicator Caddy (SED33116933-301) 
-Removable Brush Handle Assembly (SED33116385-301) 
-Netted Foam Brush Assembly (SED33119588-701) 
-EVA Wipes (SEG33116397-703) 

The Gel Brush Kit (SJD33117200-30x) contains the following hardware: 
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CREW, ROBOT. AND VEmCLE EQUIPMENT (CRA. CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

-Gel Brush Caddy (SED33116360-30x) 
-Removable Brush Handle Assembly (SED33116385-301) 
-Sylgard Gel Brushes (SED33116394-70x) 

. 

Task Description: 

1. Emittance Wash Applicator rEWA) and EWA Caddy 

Certify Einittance Wash Applicator (EWA) SED33116809-302, and EWA Caddy 
SED33116933-301 to meet Criticality I requirements. This task shall encompass deletion of 
the Rotating Mount Assembly, PIN SED33117870-302, from the EWA Caddy. 

Baselined Criticality III VCDP and products shall be used to satisfy certification 
requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy Criticality I certification requirements. Existing FMEAlCILs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEAlCIL or hazard report shall be generated if a problem analysis 
reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Completion of open qualification testing required by CARD: 

-combined loadlinternalpressurelmechanism testing or analysis of -302 configuration 
-qualification life cycling of mechanisms testing 

-Review of Design Memorandum documenting compliance of design with design 
requirements 

-Acceptance testing of the following flight hardware in accordance with CARD: 
-7 Emittance Wash Applicator Assemblies SED33116809-302 
-7 Emittance Wash Applicator Caddy Assemblies SED33116933-301 

- Identify cause of high actuation torque on EWA,SIN 1001 Main Valve and repair valve 
to return actuation torque to limits specified in JSC-62007B, Paragraph 3.1.1.7.1.2 

-Rework of seven EW A Caddy Assemblies to include: 
-Separable/reconfigurable kit-level labels 
-Pocket stiffener design updates to include stiff protector for netted brush 
head and updated brush handle slider guard to prevent stiffener cracking 

-Softgoods tether points sufficient to withstand qualification testing to a minimum 
4.0 FOS above tether load requirements specified in CARD. 

-Developmental Hardware Phase Shuttle Flight Support 
-Fill EWA, PIA, and kit two EWA Kits (SJD33116880) each for Shuttle 
Missions STS-116 and STS-117 and ship for flight. 
-Dekit and inspect hardware for damage upon return from flights STS-115, 
STS-116, and STS-117. 

-Completion of MSVR 
-Completion of Verification Compliance Data Package 

-Update of GCAR 
-Update ofRAESR 
-Update of Verification Compliance Matrix 
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-Closure of FIARs JSCEC1203, 1207, 1300, and 1305 including required 
engineering evaluations, analyses, or tests for final resolution. 

-Closure of deferred Review Item Dispositions 
- Engineering/technician/quality support for EW A engineering evaluations including 
sample preparation for arcjet testing. 
- Resolution of Rotating Mount FIAR 1323 and DR EI0630083 for mechanism cycling 
failure, including engineering evaluations for failure investigation. 

- Delete Rotating Mount from EW A Caddy 
- Interim manufacturing documents and/or dispositions to allow work to proceed 

pending drawing and CARD updates 
- EW A Caddy drawing update to remove Rotating Mount 
- EWA Kit drawing update to remove/update views of Rotating Mount (as required) 
- Update to CARD JSC-62007 to remove Rotating Mount associated requirements 

and update envelope and relevant figures 
- EW A Caddy RAESR update to remove references to Rotating Mount 
-Remove rotating mount from EWA caddy and configure caddy as required by 
updated drawing. 

- Downgrade and/or disposition of existing hardware and return to NASA 

2. Removable Brush Handle Assembly 

Certify Removable Brush Handle Assembly SED33116385-301 to meet Criticality I 
requirements. 

Baselined Criticality III VCDP and products shall be used to satisfy certification 
requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy Criticality I certification requirements. Existing FMEAlCILs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEAlCIL or hazard report shall be generated if a problem analysis 
reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Completion of open qualification testing required by CARD. 

-qualification/or acceptance vibration testing 
-qualification thermal testing 
-qualification life cycling of mechanisms testing 

-Review of Design Memorandum documenting compliance of design with design 
requirements 

-Acceptance testing of 18 flight units in accordance with CARD. 
-Completion of Mechanical Systems Verification Plan (MSVP), including MSVR 
-Completion of Verification Compliance Data Package 

-Update of GCAR 
-Update ofRAESR 
-Update of Verification Compliance Matrix 

-Closure of open Review Item Dispositions 
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. 

3. Netted Foam Brush Assembly SED33119588-701 

Certify the Netted Foam Brush Assembly SED33119588-701 to meet Criticality I 
requirements. 

Criticality III VCDP and products baselined for the certification of Foam Brush 
Assemblies (SED33117199) shall be used as a basis for meeting certification requirements 
for the netted foam brush by similarity unless they are identified- by the DM or Safety and 
~ssion Assurance as inadequate to satisfy Criticality I certification requirements. 
Existing FMEAlCILs or hazard reports shall be revised if an analysis of a problem reveals 
an increase in risk. A new or revised FMEAlCIL or hazard report shall be generated if a 
problem analysis reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 

-Review of Design Memorandum documenting compliance of design with design 
requirements 

-Acceptance testing of 25 ~ flight units in accordance with CARD. 
-Assembly of Verification Compliance Data Package . 

-GCAR 
-Update/develop RAESR 
-Verifi~ation Compliance Matrix 

-Closure of deferrim Review Item Dispositions 

4. Gel Brush Caddy Assembly SED33116360-30x, and Gel Brush 
Assemblies SED33116394-30x 

Certify Gel Brush Caddy Assembly SED33116360-30x, and Gel Brush Assemblies 
SED33116394-30x to meet Criticality I requirements. 

Baselined Criticality III VCDP and products shall be used to satisfy certification 
requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy Criticality I certification requirements. Existing FMEAlCILs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEAlCIL or hazard report shall be generated if a problem analysis 
reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Coordination of a community review meeting to incorporate reviewer comments into draft 
requirements documents (CARDs) for the Gel Brush Caddy and the Sylgard Gel Brushes 
-Coordination of reviewer signoff and XA Tools Panel Baseline of the Gel Brush Caddy 
and Sylgard Gel Brush CARDs 
-Completion and documentation of testing required to extend shelf life of gel brush 
assemblies to a minimum of five years. 
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-Completion of testing required to assess functional performance of Sylgard gel with 
respect to temperature range specified in CARD. 
-Rework of six flight unit caddies to include addition of 10-layer MLI insulation, 
separable/reconfigurable kit-level labels, and softgoods tether points sufficient to withstand 
qualification testing to a 4.0 FOS above tether load requirements specified in CARD. 
-Update of thermal analytical products reflecting addition of MLI insulation. 
-Acceptance testing of the following flight hardware in accordance with CARD: 

-6 Brush Caddy Assemblies SED33116385-30x 
-100 Gel Brush Assemblies SED33116394':30x 

-Developmental Hardware Phase Shuttle Flight Support 
-PIA and Kit two Gel Brush Kits (SJD33117200) each for Shuttle Missions STS-116 
and STS-117 and ship for flight. 

-Dekit and inspect hardware for damage upon return from flights STS-12l, 
STS-116, and STS-117 

-Completion of Verification Compliance Data Package 
-Update of GCAR 
-Update ofRAESR 
-Update of Verification Compliance Matrix 

-Closure of deferred Review Item Dispositions 

5. EVA Wipe Assembly SED33116397-703 

CertifyEV A Wipe Assembly SED33116397-703 to meet updated Criticality III 
requirements. 

Baselined Criticality III VCDP and products shall be used to satisfy certification 
. requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy updated Criticality I certification requirements. Existing 
FMEAlCILs or hazard reports shall be revised if an analysis of a problem reveals an 
increase in risk. A new or revised FMEAlCIL or hazard report shall be generated if a 
problem analysis reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Review of Design Memorandum documenting compliance of design with design 

requirements 
-Completion of Verification Compliance Data Package 

-Update of GeAR 
-Update ofRAESR 
-Update of Verification Compliance Matrix 

-Acceptance testing of 60 flight units in accordance with CARD 
-Closure of deferred Review Item Dispositions 
- Rework of up to 50 EVA Wipes to correct out of configuration discrepancy (missing 
labeling on tether loop) 
- Flight delivery of unkitted EVA Wipes for STS-116 and STS-117 
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Contract Options 
The following task options shall be priced separately: 

1. Alternate Schedule Certification 
Provide pricing and schedule to complete this delivery order on a schedule chosen by the 
bidder to minimize cost. In addition, this option shall inclu~e kitting and shipping of flight 
hardware as Criticality III hardware for flights scheduled to occur during the performance 
period ofthis delivery order (STS-116 & STS-117) duration of project. Schedule shall 
require Sylgard Gel Brush 5-year shelf life extension task to be complete prior to 11/30/06. 

2. Post-flight Refurbishment and Maintenance of Emittance Wash 
Applicator 

-Refurbish Emittance Wash Applicators in accordance with JSC-62354, Maintenance 
Procedure Emittance Wash Applicator Part No. SED33116809-302. 
-PDAlPIA, and f'Ill Emittance Wash Applicators for flight in accordance with JSC-62007 
following refurbishment. 
-Pricing shall include completion of task for two units with an option for two additional 
units to be completed concurrently. Pricing need not he itemized if additional units do not 
increase cost of task in excess of 10%. 
-Pricing shall be provided on a per-mission basis, and option shall be exercisable on a per
mission basis. 

3. Developmental Phase Shuttle Flight Support 

-Refurbish Emittance Wash Applicators in accordance with JSC-62354, Maintenance 
Procedure for Emittance Wash Applicator Part No. SED33116809-302. 
-PDA and Fill EWA, PIA and kit or refurbish two EWA Kits (SJD33116880) for each 
shuttle mission supported 
-PIA and kit or refurbish two Brush Kits (SJD33117200) for each shuttle mission 
supported. 
-PIA five EVA Wipes SED33116397-703 for each shuttle mission supported. 
-PDAIPIA one MMWS Tool Stowage Caddy (GD2051000-301) for each shuttle mission 
supported. 
-Deliver/ship hardware for flight via flight shipping process. 
-Dekit (or refurbish) and inspect hardware for damage upon return from flight. 

-Pricing shall include the option to repair minor damage and resolve open DRs and FIARs. 
-Pricing shall be provided on a per-mission basis, and options shall be exercisable on a per-
mission basis. 
-Missions to supported shall be identified by the contracting off'icer and identif'Ied in the 
Purchase Order (PO) purchasing the Option. 

Notes: 
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1. Drawings, CARDs, RID summary and status, and baselined Criticality III VDCPs, 
CDR presentations are available in CRAVE technical library. 

2. Contractor shall provide weekly status of Non-Conformance Records (NCR) and issues 
in the form of an E-mail to the DO Manager (DM). 

3. All TPS (or equivalent documents) performing qualification or acceptance testing, or 
disassembly, repair, and engineering evaluations of hardware once acceptance testing 
on that specific SIN has been completed, shall require the signature approval of the 
COTR or DM as authorization to proceed. The intent of this note is NOT to require 
approval of every document internal to the contractor authorizing work at their 
facility. 

4. Signature approval is allowed on TPS and NCR's (or equivalent documents) via e-mail 
or telecon where required to minimize work stoppage; hardcopy signature is required 
prior to document closure (or equivalent) indication of completion of work. 

5. NCR's shall be communicated to the DM in sufficient details to allow for resolution 
without requiring project personnel to be at coutractor facility. 

6. Material Review Board (MRB) persounel for the disposition of NCR's shall be provided 
by the contractor; NASA DO Manager required signature for MRB. 

7. ADP shaD comply with SN-D-0007 and shall be delivered as required by the relevant 
CARD. Three revisions will be prepared as follows: Rev IR to include original OSS 
build with OSS/DCMA approval, Rev A to include records obtained from QARC or 
OSS records for periods of time when the hardware was not under OSS contract with 
ECINT approval only, and Rev B to reflect work done as part of this DO with 
OSS/DCMA approval, 

8. NCR's open at the time of ADP delivery will be transferred into the NASA Quality 
System by NASA or NASA-designated QA personnel. 

9. Copies of internal vendor procedures referenced in work authorizing documents or 
NCRs shall be delivered to the government. Attachment to the parent document is 
acceptable. 

10. Electronic drafts of all work authorizing documents (TPS, Procedures, or equivalent; 
NCRs or equivalent) shall be delivered to the DM in an unlocked/fully-serviceable 
native-format me (where available) or as a searchable PDF (internal OSS forms, 
handwritten documents, database generated forms, etc.). 

11. The certification of the hardware will reflect the requirements in the respective 
hardware CARDs,. 

12. Pricing for this DO shall include five CARD and five drawing updates for each PIN 
with current released CARDs/Drawings, in addition to those specifically described in 
thisRFP. 

13. All technical correspondence shall be directed to Mark Dub (281-483-4471, 
mark.o.dub@nasa.gov) and Mr. Joe W. Gensler (281-483-0025, 
joe.w.gensler@nasa.gov). 

14. All GFE flight hardware to be returned to NASA for flight or inventory at the direction 
of the DM. Processing criticality, "safe to fly" or "criticality I" shall also be at the 
direction of the DM at the time of request. 

15. Shipment for flight shall be provided by the contractor, including 1027, 1149, and 
DD250 generation and approval, where applicable. 
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DELIVERY ORDER #: CRA VE-EC7-019 

Deliverables/Products: 

MockUp 

Prototype 

Emittance Wash Applicator Kit 
(SJD33116880) 
Emittance Wash Applicator 
(SED33116809-302) 
Emittance Wash Applicator Caddy 
(SED33116933-301) 
Removable Brush Handle Assembly 
(SED33116385-30 I) Per Interim 
Netted Foam Brush Assembly 

I per 
Milestones: 

Certificati(l' (SED33119588-701) VCDP/GCAR 
m' \ Wipes (SEG33 I 16397-703) 

PIN 
Approval 

Date 

,el Brush Kit (SJD33117200) 
Gel Brush Caddy (SED331 16360-
30x) 
-Removable Brush Handle 
Assembly (referenced above) 
-Sylgard Gel Brushes 

1D33116394-70x) 

FL 

Traini) 

Tether End Fixture 1 
(SDG38119921-701) 
Tether End Fixture Cal! I 

Other (test fixture) 
(SDG381 19922-701) Per testing 
Round End Fixture schedule 

(SDG38119923-701) 
1 

Round End Fixture Cal! 
(SDG3 8119924-70 1) 

GSE 

Test 

Software 
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IADP 
per SIN ' 
flight (or 

qual) Contract 
Other Products Acceptance Data Packages (ADPs) unit coml1ietion 
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CREW, ROB01It AND VEmCLE EQUIPMENT (CRA. CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

SCHEDULE 

Start Date: September 18, 2006 Finish Date: May 31,2007 

Milestones for this project shaD be per the project schedule provided by the offeror with their 
proposal, "DO-19 Option 1 loaded.mup". Milestones will be updated in the project schedule and 
resubmitted to match future contract updates. 

TOTAL COST ESTIMATE FOR TIDS DO: N/A Base 

FEE: Fee N/A Base 

OPTION 1: '-H!1IIf~t 

OPTION 2a (2 EWAs): 
~OPTION2b(4EWAs): 

~l1 ••• ;Jjr~~~ .. r~ii 

Page 11 of20 
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DELIVERY ORDER #: CRA vE-EC7-019 

DATA REOUIREMENTS 

All DRDs contained in the contract are applicable and required unless marked N/A below. 
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DELIVERY ORDER #: CRA VE-EC7-019 

GOVERNMENT FURNISHED PROPERTY 

The CRAVE contracts do not anticipate the Government providing any property or 
facilities unless requested by the contractor in their response to a request for bid. 

Flight hardware test facilities, such as loads, thermal, and vibration are available for the 
execution of this delivery order upon submission of JSC Form 90's to the DO Manager. 
NASA expects to use its own funds for facilities and facility support staff. Test plan, test 
readiness review, and flight hardware documentation shall be provided by the delivery 
order contractor. 

In some rare cases (such as sustaining engineering task) it is known ahead of time that 
government property will be provided to the contractor. In those cases the following list is 
filled out to allow the proper control of government property: ' 

A. List of Pl'operty the Contractor Shall Replace with modified or upgraded versions: 

Item 

SED33116809-302 
(EWA) 

*SIN 1001: 
modification/repair per 

RFP 
* All: modification per 

post-flight 
maintenance/refurbishment 

procedure __ _. 

SED33116933-301 
(EWACaddy) 

SED33116360-30x 
(Gel Brush Caddy) 

Quantity Acquisition Cost 

7 $90,000 

7 $16,279 

Use of 
Property 
Location 

Date to be Furnished to i 

...... t~~~~~~~~tor ._ .. J 

3 upon award of DO i 

C tr t 
2 upon return from : 

on ac or I 

Facility or STS-121 (approx 9/1/06)! 
JSC' 2 upon return from 

STS-115 (approx 
10/1/06) 

I
ii I 3 upon award of DO : 
I C tr t I 2 upon return from , on ac or ' 
! F ili'ty ',STS-121 (approx 9/1/06) 
! ac or , 
i JSC 'I' 2 upon return from i 
i STS-115 (approx 

,J.. ... __ L ... _ !.0!!/Q6)____ _'. 

6 $20,694 

Page 16 of20 
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2 upon return from 

STS-115 (approx 
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Balance per project 
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DELIVERY ORDER #: CRA VE-EC7-019 

, , Contractor i 
SDD33116387-001 25 

, 
$159 Facility or : Ptlr project schedule 

JSC , 
~, .. ,-~ ~- .. ""'- "'-"-"'" -~""~,,~,~,,,,~ ..... " ... ,-.-., .. -... ."' ." ~,-"." "'~-~"" " .... "V", .n .,," ,-.~. ' .. -.,. 

: Contractor 
SDD33116406-001 30 i $.30 Facility or Per project schedule i i 

I 

I JSC 
~ M' __ '_A'M 'A~_ -- ,-- .-. " -- --_. ,,--_. - -, ..... _ •• ,~_."_. ~"r_. 

-.-~~-'--~ -
i 90 each I Contractor i SED33117201-001, -002, - I dash $.30 I Facility or i Per project schedule 

003 I number I JSC 
' - ~ - , - -

I 

, Per project schedule; 
for use in Option 2; one 

Contractor per applicator per 
SED33116812-701 20 

, 
$290 Facility or refurbishment. Unused I 

I , 
JSC units to be returned , 

, 

i 
I 

i I upon completion of DO _ 
I or Option 2. 

B. List of Property the Contractor will return in the same configuration: 

Item 

SED33116385-
301 

(Removable 
Brush Handle) 

Quantity 

18 

Acquisition Cost i 
--.-J 

$12,000 EA 
II

I 

Use of 
Property 
Location 

Contractor 
Facility or 

JSC 

Date to be Furnished to 
the Contractor 

5 upon award of DO 
4 upon return from STS-

121 (approx 9/1/06) 
4 upon return from STS-

115 (approx 10/1/06) 
Balance per project 

schedule. 
" -

I 16 upon _award of DO 
SEG33116397-,' Contractor 1111 upon return from STS-

703 60 $5,000 EA Facility or 115 (approx 10/1/06) 
(EVA Wipes) , - JSC , Balance per project 

I I - : schedule . . , .... ' "_.-,-,. __ .. ,., ,-.' ,.-.. ,~ .. ' -,-~,-".- __ ~L". ___ ,._,.,._,_ .--'--,-'" .. -- "'iF=~==~=~~"=""-=""~:::::--=--=-=-=-:::-=-:::::;,,-=-='-=' =--... =, .. , .. =.---=-=----=----=-'-=""""='--.,"=., .. -=,.,,_.='_.,=-~-'''=1-'' 

::!~~:1_~18_ $19631 EA i:?iet;; l~a~~~:~~::.~O' 
SED36148820- i 

301 (EWA ' 
Vibration 
Fhture i 

Assembly) I 

1 $10,000 
Contractor 
Facility or 

JSC 

Page 17 of20 

: Upon award of DO or per 
I project schedule. 



-, . 
. , , 

t .. 

CREW, ROBOTIP AND VEmCLE EQUIPMENT (CRA. CONTRACT 
DELIVERY ORDER #: CRA VE-EC7-019 

301 (EWA ! I Facilitt or 9/25/06 
Simulator JSC 

"Assembly} i 
i 

. -- .---.. ".,'-.- .. ",,~,,~.~-, .,~ ~ .. , ... -.-~-- ..• ".--.".--.---~,---.~ 
SED38119219- ! 

I 
301 (EWA Contractor 1 Delivered to contractor 

1 $18,000 I Manifold . 
Facilitt 9/25/06 i Assemblv) I -,_ .... - \ _. • N ~ •• _. 

.*~," ---_ .. .. _ . . -- ..•. -.... .,,,--,,," •.• ..1 .,'.- .-.- .. ---- .-... " ... ~ ....... ~. ,--- .. 
VT70-191056-

I 031 (EPC Contractor 
ArcjetTile 2 $352000 I Facilitt or 9/29/06 
Arral:Test 

I 
JSC 

Article2 Large} .- - --_. -- ., ......... -
VT70-191051-

013 (EPC Contractor 
ArcjetTile 1 ~252000 Facilitv or 9/26/06 
Arral:Test JSC 

Article Small) 
... --... ..... ,,'_., .. -, ...... ,.,,-,-,----- _ ..... " .. -",.-" .•.. "'_._--_._-- . -_ .. ,,,.,---". 

Netted Foam Contractor 
Brush Assembly 25 ~12100.50 EA Facilin: or 10/17/06 SED33119588- I JSC 701 ..... .... - __ ,, __ .u •• ,_ 
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GOVERNMENT FURNISHED PROPERTY 
(Continued) 

C. List of Property the Contractor Shall Replace if Damaged or lost during the course of 
the effort: 

List is inclusive of all hardware referenced in Tables A and B. The government accepts the risk, 
including repair/replacement cost, of incurring damage to flight hardware during the course of 
approved qualification and acceptance testing conducted in accordance with the CARD. Efforts 
to repair/replace property damaged during the course of approved testing are cost-reimbursable, 
with additional fee for such effort to be considered. If an item is lost or damaged through no 
fault of the contractor at a facility outside the contractor's control, the contractor will not be held 
responsible for the loss provided that due care and diligence were taken in transferring the 
hardware to the facility (i.e., hardware was appropriately packaged, transfer was documented, 
test facility acknowledged receipt of hardware). Responsibility for loss or damage to hardware, 
including repair/replacement cost, caused by contractor negligence is the sole responsibility of 
the contractor. 
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National" i and Space n"," '" " ... a,I"," 
'U 

., 

Lyndon B. Johnson Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 1 
Houston. TX 77058 

~N~~~e~4~~: CRAVE DO 19R1 
2. Date 01 Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
See Block 10 

I ueren"tI under DPAS (15 CFR7OOjl:)O-C9 v I for 

3. Issu~~~ Office: 4. Sh'!pTo: 

NASA Johnson Space Center, 2101 Nasa Parkway I mmull Officer, Building 421 

Houston, TX 77058-3696 NASA Johnson Space Center 

Org.lBuyer: BH2IMarv Thomas Houston, TX 77058-3696 
Mark For: Account.ble Property 

Tel No.: 281-~~3-8828 Fax: 281-244-0995 Order No.: NNJ05HB4QB, CRAVE DO 19R1 
E-mail: ~Q""lhnmQq@"Q.Q nnv 

5. Contractor: 6. Deliver On or Before: Sa!! §tatamant of WQrk 

Oceaneering Space Systems F.O.B. Point: Destination 
Attn: Contracts 
16665 Space Center Blvd Discount Terms: Net 30 Days. , 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: 281-228-5371 x Fax: 281-228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: Order No.: NNJ05HB40B, CRAVE DO 19R1 

8. Type of Order: 
.~ 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is subject to 
Reference: -- instructions contained on this form and is issued subject to the . 

terms and conditions of contract number: --
. 

9. Written acceptance of this order by contractor [0 ] is,. [121] is not 10. Name: Robert Kolb 
required. Sign below if required and return to contracting officer. 

Name: (Person authorized to sign) 

~Pf! Signature: Date: -- Signature: Date: 10· e .f)(" 
CONTRACTING OFFICER 

11 ;:)CIII:IUUlI:I 

ITEM 
DESCRIPTION 

QUANTITY UNIT QUANTITY 
NO. ORDERED 

UNIT 
PRICE 

AMOUNT 
ACCEPTED 

, 

12. For JSC '" .. ~, .. ul Use Only: I' 13. Total 
Requisition No.: __ 0 COMPo 0 PART. PPC:-r- $ 1,092,020 
Rissue To: EC/Joe Gensler, x30025 For: EC5/Mark Dub, x34471 NTE 

14. ~ar,,,,,c;:l in\"/uar",,y ,.-Oc 'Column Have Been '~ 

o INSPECTED ACCEPTED 0 RECEIVED , , , 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

IU.S. i Data 
JSC Form 1429 (Rev November 10. 2004) (MS Word August 1995) 
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ORDER FOR SUPPLIES OR SERVICES 

FlO; 211221 •• 

CAGE CODE: 

-

o INI"!CT!O 
TO CONfOIWTO 1l4E CONTftA~T. 
ACCD'TANCIWlLL KAT JIC UNLEA 
~NOTID. 

Tm!lplltlatiogn OfIIGII', Building 421 
1'WJj' JQIlmon 8pIOI Center 
HoUItoII. TX TTCa3eGll . 
Mark For: AoaounbdIIe IIropeItJ 
Ordll' N&: NNJQ!jHIII!! C86Vi DO tIP 

e. DIIivIr Oft or a.r-: _ DIIIn!I!t qfWt!!! 

'.0.9. Point Qw!!ntt!gn 

Df-.riT_ Net30DIIyL . 

o OEUVERY: ~for1tle T~land 00ncItI0ns of Pucdlal 
Oldlr IIIec:I on the fwIIIDwIng ~ 1fQ deliYtry 0* IllIIbIect to 
iMttliOllorl. oonbIilllCl on til" fliim anlll " iwulcllUbjtGI to file 
tlmnlll1d CIOIldillllnl flit IXInInIGt numbtr. _ 

10. NIm« BqIIIIt t(QIb . 

PPC:_ 

'V: 



' .. ,. ." 

~ . . . .. 
f", 

CREW, ROBOTICS'AN~ t'EIDCLE EQUIPMENT (CRA VE) CONTRAC~ 
DELIVERY ORDItR i: CRA VE.EC7·JlC?I'I 

PROPOSAL INSTRUCTIONS: _ DRAFT •• COMMENTS DUE BY: 8/3112006 
X FINAL •• PROPOSAL DUE BY: 9/1212006 

DO TITLE: Certify shuttle orbiter TPS repair hardware to Criticality I requirements. 
DO Type: ..x.. CPFF _ FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Joe Gensler. EC7 

DO Manager: Mark Dub. EC7 

DO Mgr. Alternate: N!A 

currences: 

Phone: (281) 483·0025 

Phone: (281) 483·4471 

Phone: N/A 

... ~{lJ- ~~ 
Harold Reimers 
DO Mgr. Management 

~ 
Steve Miller 
S&MA 

Task Contains Flight Hardware, Flight Software or GSE? ~o 

Program Supported: ~ Shuttle _ISS ~ EVA ..:..-.Advanced ____ _ 

WBS: L1.0EVA _2.0FCE _3.0EVR _ECLSS _5.0ATCS _6.OCHeCS 

For purposes of complying with FAR 52.232·22, Limitation of Funds, th. total amount allotted by th< 
Government to contract is specified in claus. B.6, Contract Funding. The funding listed in B.6 is the 
amount allotted for all D.livery Ord.rs on th. contract combin.d. 

All terms and conditions of the contract apply to this D.livery Ord.,. In the ev.nt of a conflict between 
the contract and this Deliv.ry Order, the contract shall prevail. 

WBS r.porting shall be done in accordance with applicable WBS reporting categories, as shown above 
and in the contract within Section C. Tabl. 1. 

Page 1 of 20 



CREW, ROBOTICS AmCLE EQUIPMENT (CRAVE) CONTRAC.
DELIVERY ORDER it: eRA VE·EC7· 

Narrative Task Description 

Background I Problem Description: 
. 

As a part of the Space Shuttle Program (SSP) Return-to·Flight Effort, a set of EVA 'rile 
Repair tools were developed. The purpose of these tools is to allow crewmembers to effect 
EVA repair of damaged orbiter thermal protection system surfaces. Included among these 
repair tools are Emittance Wash Applicator (EWA) Kits and Gel Brush Kits. Both are 
used, if required, to repair damaged tile surfaces. 

The launch schedule of STS·114 coincided with the development schedule of these repair 
tools, and did not allow for the completion of a traditional certification, which verifies 
functionality ofthe hardware for use in its intended (EVA) environment. The shuttle 
program recognized this, and temporarily reduced the functional criticality of the 
hai'cl.ware to a level of 3/3, limiting the scope of the hardware certification to launch, 
landiDg, and EVA use safety. The effectivity of this limited certification is for missions 
STS-114, 121, and 115. and will be extended to include 116 IDecember 2(06) 

Based upon this decision, the EWA Kits and Gel Brush Kits Were certified as Criticality 3 
hardware, and flown aboard STS·114 and 121. Use of the EWA Kit to coat a damaged tile 
sample was successfully demonstrated during an in·flight DTO experiment on STS·1l4. 

In an effort to develop a maximally robust repair capability, the shuttle program desires to 
upgrade the existing Criticality 3 certifications of the EWA Kits and Gel Brush Kits to a 
traditional certification, which verifies functionality in the intended (EVA) environment, 
and would meet the safety and reliability certification standards required of Criticality 1 
hardware. 

The scope of this task is to upgrade the present Criticality 3 certifications of existing flight 
hardware to satisfy Criticality 1 requirements by completing environmental qualification 
and acceptance testing on qualification and flight hardware articles, documenting the 
completion of these tests in hardware Acceptance Data Packages (ADPs), updating the 
products associated with the Verification Compliance Data Package (including the GCAR, 
RAESR, CARD·VCM), closing open Discrepancy Reports (DRsINCRs) on flight articles, 
and closing constraints to certification including FIARs and RIDs. 

The Emittance Wash Applicator Kit (SJD33116880) contains the followjng hardware: 
·Emittance Wash Applicator (SED33116809·302) . 
·Emittance Wash Applicator Caddy (SED33116933·301) 
·Removable Brush Handle Assembly (SED33116385·301) 
·Netted Foam Brush Assembly (SED33119588.701) 
·EV A Wipes (SEG33116397·703) 

The Gel Brush Kit (SJD33117200·30x) contains the following hardware: 
·Gel Brush Caddy (SED33116360·30x) 

. 

Page 2 of 20 

" 

:'. 

. ... 



CREW, ROBOTICS AmCLE EQUIPMENT (CRAVE) CONTRACI' 
DELIVERY ORDER It: CRA VE·EC7-

-Removable Brush Handle Assembly (SED33116385-301) 
-Sylgard Gel Brushes (SED33116394-7Ox) 

. 

Task Description: 
1. Emittance Wash Applicator rEWA) and EWA Caddy 

Certify Emittance Wash Applicator (EWA) SED33116809-302, and EWA Caddy 
SED33116933-30lto meet Criticality I requirements. This task shall encompass 
certification of the Rotating Mount Assembly, PIN SED33117870-302, for its application as 
used on the EWA Caddy. 

Baselined Criticality III VCDP and products shall be used to satisfy certification 
requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy Criticality I certification requirements. Existing FMEAlCILs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEA/CIL or hazard report shall be generated if a problem analysis 
reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Completion of open qualification testing required by CARD: 

-combined load/internal pressure/mechanill11l testing or analysis of -302 configuration 
-qualification life cycling of mechanill11ls testing 

-Review of Design Memorandum documenting compliance of design with design 
requirements 

-i\cceptance testing of the following flight hardware in accordance with CARD: 
-7 Emittance Wash Applicator Assemblies SED33116809-302 
-7 Emittance Wash Applicator Caddy Assemblies SED33116933-301 

- Identify cause of high actuation torque on EW A SIN 1001 Main V &lve and repair valve 
to return actuation torque to limits specified in JSC-62007B, Paragraph 3.1.1.7.1.2 

-Rework of seven EWA Caddy Assemblies to include: 
-Separablelreconfigurable kit-level labels 
-Pocket stiffener design updates to include stiff protector for netted brush 
head and updated brush handle slider guard to prevent stiffener cracking 
-Softgoods tether points sufficient to withstand qualification testing to a minimum 
4.0 FOS above tether load requirements specified in CARD. 

-Developmental Hardware Phase Shuttle Flight Support 
-Fill EWA, PIA, and kit two EWA Kits (SJD33116880) each for Shuttle 
Missions STS-116 and STS-117 and ship for flight. 
-Dekit and inspect hardware for damage upon return from flight. 

.t" 

-Completion of MSVR • - - - -1 Fonnatmci, Indent: First line: 0" 

-Completion of Verification Compliance Data Package 
-Update of GCAR 
-Update of RAESR 
·Update of Verification Compliance Matrix 
-Closure of FIARs JSCECI203, 1207, 1300, and 1305 

-Closure of deferred Review Item Dispositions 
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2_ Removable Brush Handle Assemblv 

Certify Removable Brush Handle Assembly SED33116385-301 to meet Criticality I 
requirements. 

Baselined Criticality III VCDP and products shall be used to satisfy certification 
requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy Criticality I certification requirements. Existing FMEAlClLs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEAlCIL or hazard report shall be generated if a problem analysis . 
reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: . 
-Completion of open qualification testing required by CARD. 

-qualification for acceptance vibration testing 
-qualification thermal testing 
-qualification life cycling of mechanisms testing 

-Review of Design Memorandum documenting compliance of design with design 
requirements 

-Acceptance testing of 18 flight units in accordance with CARD. 
-Completion of Mechanical Systems Verification Plan (MSVP). including MSVR 
-Completion of Verification Compliance Data Package 

-Update of GCAR 
-Update of RAESR 
-Update of Verification Compliance Matrix 

-Closure of open Review Item Dispositions 

3. Netted Foam Brush Assembly SED33119588-701 

Fabricate and deliver 25 Netted Foam Brush Assemblies SED33119588-701, and certify the 
Netted Foam Brush Assembly SED33119588-701 to meet Criticality lrequirements. 

Criticality III VCDP and products baselined for the certification of Foam Brush 
Assemblies (SED33117199) shall be used as a basis for meeting certification requirements 
for the netted foam brush by similarity unless they are identified by the DM or Safety and 
Mission Assurance as inadequate to satisfy Criticality I certification requirements. 
Existing FMEAlCILs or hazard reports shall be revised if an analysis of a problem reveals 
an fucrease in risk. A new or revised FMEAlCIL or hazard report shall be generated if a 
problem analysis reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
-Fabrication of 25 flight units 
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, CREW, ROBOTICSACLE EQUIPMENT (CRAVE) CONTRA' 
DELIVERY ORDER H: CRA VE·EC7· 

·Review of Design Memorandum documenting compliance of design with design 
requirements 

.Acceptance testing of 25 flight units in accordance with CARD • 
• ASsembly of Verification Compliance Data Package 

·GCAR 
·Update/develop RAESR 
• Verification Compliance Matrix 

·Closure of deferred Review Item Dispositions 

4. Gel Brush Caddy Assembly SED33116360-30x, and Gel Brush 
Assemblies SED33116394-30x 

Certify Gel Brush Caddy Assembly SED33116360·3Ox, and Gel Brush Assemblies 
SED33116394·30x to meet Criticality I requirements. 

Baselined Criticality III VCDP and products shall be used to satisfy certification 
requirements unless they are identified by the DM or Safety and Mission Assurance as 
inadequate to satisfy Criticality I certification requirements. Existing FMEAlCILs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FME;AlCIL or hazard report shall be generated if a problem analysis 
reveals an undocumented failure mode or hazard cause. 

This task shall include the completion of the following: 
·Coordination of a community review meeting to incorporate reviewer comments into draft 
requirements documents (CARDs) for the Gel Brush Caddy and the Sylgard Gel Brushes 

, ·Coordination of reviewer signoff and XA Tools Panel Baseline of the Gel Brush Caddy 
and Sylgard Gel Brush CARDs 
·Completion and documentation of testing required to extend shelf life of gel brush 
assemblies to a minimum of five years. 
·Completion of testing required to assess functional performance of Sylgard gel with 
respect to temperature range specified in CARD. 
·Rework of six flight unit caddies to include addition of 10·layer MLI insulation, 
separable/reconfigutable kit-Ievellabels, and softgoods tether points sufficient to withstand 
qualification testing to a 4.0 FOS above tether load requirements specified in CARD. 
·Update of thermal analytical products reflecting addition of MLI insulation. 
·Acceptance testing of the following flight hardware in accordance with CARD: 

·6 Brush Caddy Assemblies SED33116385·3Ox 
·100 Gel Brush Assemblies SED33116394·3Ox 

.Developmental Hardware Phase Shuttle Flight Support 
·PIA and Kit two Gel Brush Kits (SJD33117200) each for Shuttle Missions STS·116 
and STS·U7 and ship for flight. 
·Dekit and inspect hardware for damage upon return from flight. 

·Completion of Verification Compliance Data Package 
·Update of GCAR 
·U date of RAESR 

Page 5 of 20 



" ! . 

CREW, ROBOTICS AmCLE EQUIPMENT·(CRAVE) CONTRAc:II 
DELIVERY ORDER #: CRA VE·EC7· 

·Update of Verification Compliance Matrix 
.Closure of deferred Review Item Dispositions 

s. EVA Wipe Assembly SED33116397-703 

Certify EVA Wipe Assembly SED33116397·703 to meet Criticality I requirements. 

Bas.elined Criticality III VCDP and products shall be used to satisfy certification 
requirements unless they are identified by the DM or Safety and Mission Assurance as 
Inadequate to satisfy Criticality I certification requirements. Existing FMEAlCILs or 
hazard reports shall be revised if an analysis of a problem reveals an increase in risk. A 
new or revised FMEAlCIL or hazard report shall be generated if a problem analysis 
reveals. an undoC1J)Dented failure mode or hazard cause. 

This task shall include the completion of the following: 
.Review of Design Memorandum dOC1J)Denting compliance of design with design 
requirements 

·Completion of Verification Compliance Data Package 
·Update of GCAR 
·Update of RAESR 
-Update of Verification Compliance Matrix 

-Acceptance testing of 60 flight units in accordance with CARD 
·Closure of deferred Review Item Dispositions 

Contract Options 
The following task options shall be priced separately: 

1. Alternate Schedule Certification 
Provide pricing and schedule to complete this delivery order on a schedule chosen by the 
bidder to minimize cost. In addition, this option shall include ki~ing and shipping of flight 
hardware as Criticality III hardware for flights scheduled to occur during the performance 
period of this delivery order (STS·116 & STS·l17) duration of project. Schedule shall 
require Sylgard Gel Brush S.year shelf life extension task to be complete prior to 11130/06. 

2. Post-flight Refurbishment and Maintenance of Emittance Wash 
Applicator 

-Refurbish Emittance Wash Applicators in accordance .with JSC·623S4, Maintenance 
Procedure Emittance Wash Applicator Part No. SED33116809·302. 
-PDAlPIA, and fill Emittance Wash Applicators for flight in accordance with .JSC·62007 
followin!! refurbishment. . 
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CREW, ROBOTICS ACLE EQUIPMENT (CRAVE) COrITRACfI' 
DELIVERY ORDER *: CRA VE-EC7-

-Pricing shall include completion ·of task for two units with an option for two additional 
llnits to be completed concurrently. Pricing need not be itemized if additional units do not 
increase cost of task in excess of 10%. 
-Pricing shall be provided on a per-mission basis, and option shall be exercisable on a per
mission basis. 

Notes: 
1. Drawings, CARDs, RID summary and status, and baselined Criticality III VDCPs, 

CDR presentations are available in CRAVE technical library. 
2. Contractor shall provide weekly status of Non,Conformance Records (NCR) and issues 

in the form of an E-mail to the DO Manager (DM). 

. 

3. All TPS (or equivalent documents) .performing IDI~!ifi~tJc!1! ~~ ~~~P~c! J~J!n.i2 9! _____ - -0 Deleteduuthorlzinl Il 
disassembly, repair, and engineering evaluations of hardware once acceptance testing . 
on that specific SIN has heen completed, shall require the signature approval of the DM 
as authorization to proceed. The intent of this note is NOT to require approval of 
every document internal to the contractor authorizing work at their facility. 

4. Signature approval is allowed on TPS and NCR's (or equivalent documents) via e-mail 
or telecon where required to minimize work stoppage; hardcopy signature is required 
prior to document closure (or equivalent) indication of completion of work. 

5. NCR's shall be communicated to the DM in sufficient details to allow for resolution 
without requiring project personnel to be at contractor facility. 

6. Material Review Board (MRB) personnel for the disposition of NCR's shall be provided 
by the contractor; NASA DO Manager required signature for MRB. 

7. ADP shall comply with SSP 30695. 
8. NCR's open at the time of ADP delivery will be transferred into the NASA Quality 

SYstem by NASA or NASA-desigUated QA personnel. 
9. Copies of internal vendor procedures referenced in work authorizing documents or 

NCRs shall be delivered to the government. 
10. Electronic copies of all work authorizing documents (TPS, Procedures, or equivalent; 

NCRs or equivalent) shall be delivered to the government in an unlocked/fully
serviceable native-format file. 

11. Certifications shall meet the requirements of the Space Shuttle Program. A materials 
cert for pressurized, IV A, non-operational stowage only will be needed for stowage of 
the shuttle equipment on ISS. The ISS materials cert shall be referenced in the Shuttle 
RAESR. 

12. Pricing for this DO shall include five CARD and five drawing updates for each PIN • - - - -( Formatlled. Bullets and Numbering 

with current releasecI CARDsJDrawings. in addition to those specifically described in 
this RFP. 

13. All technical correspondence shall be directed to Mark Dub (281-483-4471, 
-mark.o.dub@nasa.gov)andMr.JoeW.Gensler(281-483-0025,· 

ioe.w.llensler@nasa.llov). . 
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CREW, ROBOTICS AND4IItmcLE EQUIPMENT (CRAVE) CONTRAcll 
DELIVERY ORDER H: CRA VE·EC7· 

DeliverableslProducts: 

Hardware 

MockUp 

Prototype 

Emittance WISh Appticator Kit 
(SJD33116880) 
Emittance Wash Applicator 
(SED33116809-302) 
Emittance Wash Applicator Caddy 
(SED33116933-301) 
Removable Brush Handle Assembly 
(SED33116385-301) Per Interim 
Netted Foam Brush Assembly 

1 per 
Milestones: 

Certification (SED33119588-701) VCDP/GCAR I 
EVA Wipes (SEG33116397-703) 

PIN 
Approval 

Date 

Gel Brush Kit (SJD33117200) 
Gel Brush Caddy (SED33116360-
30x) 
-Removable Brush Handle Assembly 
(referenced above) 

Gel Brushes 
16394-70x) 

Flight 
Netted Foam Brush Assembly 25 11110/06 I 
SED33119588-701 

Training 

Other 
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CREW, ROBOTICS AmCLE EQUIPMENT (CRAVE) CONTRAA . 

DELIVERY ORDER 1#: CRA VE·EC7· 

Due two 
weeks prior to 
flight ship for 

each kit 
component; 
balance due 

1 ADP within 4 
per SIN weeks of 

flight (or certification 
quaI) completion 

Other Products Acceptance Data Packages (ADPs) unit date. 
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CREW, ROBOTICS ~CLE EQUIPMENT (CRAVE) CONTRAA 
DELIVERY ORDER It: CRA VE-EC7-

SCHEDULE 

Start Date: September 18, 2006 Finish Date: January ~_~0.97 ___________ - -(\!.I-=D.:::el.:::eted='.:::l? _____ --!J1J 

EWAKit 

DeldUInspect STS-llS EWA Kits 

EWA Qualification Mechanism Life 

EWA Qualification Crit I Load Testing/Analysis 

EW A Crit I Structural Certification 

EWA Caddy/GB Caddy Softgoods Crit 114.0 FOS Qual Load 
Testing 

EWA Acceptance Thermal Test (ATT) • STS-117 flight units 

EWA Acceptance Vibration Test (AVT) - STS-117 flight 
units 

EWA MaiDtenance and PDA - Qual, STS-116 flight units 
(Applicable if Contract Option It2 is exercised) 

EWA Majntenance and PDA - Qual, STS-117 flight units 
(Applicable if Contract Option It2 Is exercised) 

EWA Flight FIll 1 Final Material Buyoff Complete: STS-
116/317 flight units 

EWA Flight FIll 1 Final Material Buyoff Complete: STS· 
1171318 flight units 

EWA Caddy - Tether Point and Brush Pocket Rework and 
PDAIPIA 

Brush Handle PDA 

Brush Handle QTT/ATf 

Brush Handle QuaIification Mechanism Life Cycling 

EVA Wipe-PDA 

Kit and ship ~-.LlOl"H EWA Kits 

Kit and ship STS-1171318 EWA Kits 

EWA Kit Phase m RAESR - Submit to NT 

EW A Kit Phase RAESR - Submit to SMART 
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9/29/06 

10113/06 

10/27106 

11117106 

10/13/06 

10/20/06 

1113/06 

10/6106 

11117106 

1113/06 

12115/06 

10/20/06 

1016106 

10/20/06 

1113/06 

11117106 

11117106 

11117106 

1112107 

10/16106 

10/30/06 



,. 
CREW, ROBOTICS AHICLE EQUIPMENT (CRAVE) CONTRA' 

DELIVERY ORDER #/: eRA VE·EC7· 

EWA Kit Phue m SMART 11113/06 

EWA Kit RAESR - Bueline by PRCB 12115/06 

EWA Kit VCDP/GCAR - NT Approval 1119/07 

SAR-EWAKit 1/26107 
, " -. ,~: ' , . ~~ , v . 

~_ , ____ c.,,-_ ~~~~ _ ... _~,--,J. _______ ~_ • _ _ ~,~: .... L." __ ... __ - -- -- - .. --- -- --
Gel Brush Kits 

Dekit I1nspect STS·115 Gel Brush Kits 9129/06 

Gel Brush Caddy, Gel Brush CARDs - signotf 9/29/06 

Gel Brush Caddy, Gel Brush CARDs baselined - XA Tools 10/16106 Panel 

PDABrushes 10/20/06 

Update Brush Caddy MLI 10127/06 

,PDA Caddies 1113/06 

" 
Caddy Qualification Mechanism (Ball Detent) Life Cycle Test 11110/06 

Gel Brush Material Characterization Testing (DGB) 10120/06 

Gel Brush S· Year Shelf Life Extension Testing 11117106 

Gel Brush Kit Phtie ill RAESR - Submit to NT 10116106 

Gel Brush Kit Phase ill RAESR - Submit to SMART 10/30/06 

Gel Brush Kit Phase ill SMART 11113/06 

Gel Brush Kit RAESR - Baseline by PRCB 12115/06 

Gel BrUsh Kit VCDP/GCAR - NT Approval 1119/07 

Kit and ship STS·1161317 Gel Brush Kits 11117/06 

Kit and ship STS·117/318 Gel Brush Kits 1112107 

SAR - Gel Brush Kit 1126107 

Milestones, along with subjective measurements, are to be used for measuring performance. 

TOTAL COST ESTIMATE FOR TIllS DO: ! 
FEE: ! (If Applicable) 
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DELIVERY ORDER It: CRA VE-EC7-

OPTION1:! 

OPTION2:! 

Page 12 of 20 



'" 
CREW, ROBOTICS AmCLE EQUIPMENT (CRAVE) CONTRAclI 

DELIVERY ORDER #: CRA VE·EC7· 

DATA REOUIREMENTS 

All DRDs contained in the contract are applicable and required unless marked N/A below. 

N 

N 

N 

N 

y 

N 

N 

y 

N 
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y 

N 

y 
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CREW, ROBOTICS ACLE EQUIPMENT (eRA VE) CONTRAcfI' 

DELIVERY ORDER I: CRA VE·EC7· 

GOVERNMENT~SHEDPROPERTY 

The CRAVE contracts do not anticipate the Government providing any property or 
facilities unless requested by the contractor in their response to a request for bid. 

Flight hardware test facilities, such as loads, thermal, and vibration are available for the 
execution of this delivery order upon submission of JSC Form 90's to the DO Manager. 
NASA expects to use its own funds for facilities and facility support staff. Test plan, test 
readiness review, and flight hardware documentation shall be provided by the delivery 
order contractor. 

In some rare cases (such as sustaining engineering task) it is known ahead of time that 
government property will be provided to the contractor. In those cases the following list is 
filled out to allow the proper control of government property: 

A. List of Property the Contractor Shall Replace with modified or upgraded versions: 

Item 

SED33116809·302 
(EWA) 

I 

I 
i modification/repair per 1 

RFP ! 

*S/N 1001: 

* All: modification per I 
post.flight 

maintenance/refurbishment' 
procedure i 

SED33116933·301 
(EWACaddy) 

i 

I 
.... .................................................. J. 

SED33116360·30x 
(Gel Brush Caddy) 

7 

7 

6 

Use of . 
Property I Date to be FurnIshed to 
Location.-J the Contractor . 

3 upon award of DO 

$90,000 
C tr t 2 upon return from 

on ac orl Facility or STS·121 (approx 911106) 
JSC 2 upon return from 

I STS·115 (approx . 
, 1011106) 
; 

.~ ... J 
; 3 upon award of DO 

I 

C tr t 
I 2 upon return from on acor, 

Facility or 'ISTS.121 (approx 9/1106) 
'JSC 2 upon return from 

$16,279 

! I STS·llS (approx 
..................................... ' _..... I..... 10/1106) . 

$20,694 
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Facility or '1' 2 upon return from 
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! i Balance per project 
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I I Contractor! 
SDD33116387,001 ~ $159 Facilitt~ Per groject schedule 

_. __ ... _ __w .. ,,·_ ... _ ,,_ ~ .. - -- , -- rISC -
Contractor I 

SDD33116406·001 
I ~ 

i $.30 Facilitt ot Per groject schedule 
j JSC , _ .. - . . " .. _.w_, ____ 0_ -- _I - - ., . . _ .... _ . .-.. w •••• _ 

__ A • ___ 

SED33117201·001,,002,, 90each II I Contractor I 
$.30 Facilitt of Per groject schedule 

003 
n::::er _ ,ISC_ ::J 

! 

i 

I , ___________________________________________________________________ ---
B. List of Property the Contractor will return in the same configuration: 

1 I Use of 

I 
II Date to be Furnished to Item QuantitY I Acquisition Cost PropertY 
I the Contractor , , Location 

.. -

I I I 5 upon award of DO 

SED3311638S·1 
4 upon return from S'I'S· 

301 I Contractor I 121 (approx 911106) , 
18 $12,000EA Facility or 4 upon retuni from STS· 

(Removable I 
~ 115 (approx 10/1106) Brush Handle): Balance per project l 

! schedule. - ' . 
I 16 upon award of DO 

SEG33116397·1 Contractor' 11 upon return from STS· 
703 I 60 $5,000EA FacilitY or 115 (approx 10/1106) 

(EVA Wipes) I JSC Balance per project 
I J schedule. --.-.. - " -

SED33116394'i 

I 
' Contractor ! 154 upon award of DO. 

70x ; 218 $196.31EA Facility or ! Balance per project 
(Gel Brushes) I • JSC ._ . .1 schedule • 

._------------------------------------
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CREW, ROBOTICS ACLE EQUIPMENT (CRAVE) CONTRAell' 
DELIVERY ORDER *: eRA VE·EC7-

GOVERNMENT FllWmSHED PROPERTY 
(Continued) 

C. List of Property the Contractor Shall Replace if Damaged or lost during the course of 
the effort: 

List is inclusive of all hardware referenced in Tables A and B. The government accepts the risk. 
including repair/replacement cost. of incurring damage to flight hardware during the course of 
approved qualification and acceptance testing conducted in accordance with the CARD. Efforts 
to repair/replace property damaged during the course of approved testing are cost·reimbursable. 
but no additional fee will be awarded. If an item is lost or damaged through no fault of the 
contractor at a facility outside the contractor's control. the contractor will not be held responsible 
for the loss pro~ided that due care and diligence were taken in transferring the hardware to the 
facility (i.e .. hardware was appropriateiy packaged. transfer was documented. test facility 
acknowledged reCeipt of hardware). Responsibilitv for loss or damage to hardware. including 
repair/replacement cost. caused by process escapes or negligence is the sole responsibility of the 
contractor. 

Page 19 of 20 



.. 
.. r-- ' 
,1 ~ 

'" \," 

CREW, ROBOTICS ACLE EQUIPMENT (CRAVE) CONTRAcIII' 
DELIVERY ORDER i: CRA VE·EC7· 

Page 20 of 20 



NNJ08HB25C, Extravehicular Mobility Unit Long Life Battery Contract 

(c) The list of personnel and/or facilities (shown below or as specified in the contract Schedule) may, with the consent of 
the contracting parties, be amended from time to time during the course of the contract to add or delete personnel and/or 
facilities. 

Key Personnel: 

I) Proj ect Manager 
2) Project Engineer(s) 
3) Production Manager 
4) Test Manager 
5) Quality Manager 
6) Quality Engineer 

Craig Flora 
Jake Dembeck I Jeremy Neubauer 
Wayne Baumann 
Rick Fanning 
Richard McWilliams 
Julia VanSchooten 

(End of Clause) 

End of Section 

H.3 



ORDER FOR SUPPLIES OR S!;J:lVI(::!;S Page 10f 1 

See Block 10 Below 
NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

NNJ05HB.o1OB. D017R4 

3. 
NASA Johnson Space Center. 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2!M.N Thomas 

Oceaneering Space Systems 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: (281) 2211-5371 X 

TIN: 95-2628227 

8. Type of Order: 

Fax: 281-21+0995 

Fax: (281) 228-5545 

CAGE CODE: 

Transportation Officer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Accountable Property 

Order No.: NNJ05HB.o1OB D017R4 

6. Deliver On or Before: 315107 to 12118108 

F.O.B. Point: DESTINATION 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: NNJ05HB40B, 0017R4 

o PURCHASE: Please furnish the following in 
accordance with the conditions specified~ on this order. 
Reference: __ 

o DELIVERY: Except for the Terms and Conditions of Purchase 
Order listed on the following page, this delivery order is subject to 
instructions contained on this form and is issued subject to the 
terms and conditions of contract number: __ 

Written acceptance by 10. Name: Ronald Johnson 
required. Sign below if required and return to "nrlt .... cli.'n 

Name: __ (Person authorized to sign) 

Signature: __________ Date: 

ITEM 
NO. 

DESCRIPTION 

Enhanced Right Angle Drive (ERAD) 
DO 17 Rev 4 ~ Issued to extend the completion date to 12118/08 at no 
.dditlon.1 cost to the flovernment. LOT 

DO VALUE RECAP: 
Cost 
Fee 

TOTAL $1,116,661 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

JSC Form 1429 (Rev November 10, 2(04) (MS Won! August 1995) 

o COMPo 0 PART. 

For; EC7/Gary Nickel 

RECEIVED 

BY: 

PPC: 
$1,1111,661 NTE 



ORDER FOR SUPPLIES OR SERVICES Page 10f 1 

NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2!Mary Thomas 

Oceaneering Space Systems 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: (281) 228-5371 x 

TIN: 95-2628227 

8. Type of Order: 

Fax: 281-244-0995 

Fax: (281) 228-5545 

CAGE CODE: 

ranspc.rtaltion Officer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Account.ble Property i< 
Order No.: NNJ05HB40B D017,J >/W 

6. Deliver On or Before: 3/5107 to 11117/08 

F.O.B. Point: DESTINATION 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group ... 
Houston, TX 77058-3696 ~ ~\."\ 
Order No.: NNJ05HB40B, D017RJ' 

o PURCHASE: Please fumish the following in 
accordance with the conditions specified on this order. 
Reference: __ 

o DELIVERY: Except for the Terms and Conditions of Purchase 
Order listed on the foilowing page, this delivery order is subject to 
instructions contained on this form and is issued subject to the 
terms and conditions of contract number: __ 

order 1 is, 1 is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting officer. 

Name: __ (Person authorized to sign) 

Signature: Date: Signature: ~~~~~~~~~/'UI!te: 

ITEM 
NO. 

DESCRIPTION 

-"; 
E=nl,an.oed Right Angle Drive (ERAD) 

DO 17 Rev.2"is issued to add ch.nges assocl.ted with design changes to 
the DO. extend completion date. and incre.se DO value. The completion 
d.te Is extended to 11/17/08. 

DO VALUE RECAP: PRIOR THIS ACTION CUM VALUE 
Cost 

Fee 

TOTAL $966,755 $149,906 $1,116,661 

QUANTITY 
ORDERED 

UNIT 

o COMPo 0 PART. PPC: 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

JSC Fon:n 1429 (Rev November 10, 2004) (MS Word Augusll995) 

For: EC7/Gary Nickel 

RECEIVED 

BY: 

Authorized U.S. Government 

UNIT 
PRICE 

AMOUNT 

$1,116,661 NTE 



ORDER FOR SUPPLIES OR SERVICES Page 10f 1 

See Block 10 Below 
NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org'/Buyer: BH2/Mary Thomas 

Oceaneerlng Space Systems 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: (2111) 2211-5371 x 

TIN: 95-21528227 

8. Type of Order: 

Fax: 281-24+0995 

Fax: (2111) 228-5s.15 

CAGE CODE: 

Transportation Ofticer, Building 421 
NASA Johnson Space Center 
Houston, IX 77058-3696 
Mark For: Accountable Property 

Order No.: NNJ05HB40B. P017R2 

6. Deliver On or Before: 31510710 111lH108 

F.O.B. Point: DESTINATION 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: NNJ05HB40B, D017R2 

o PURCHASE: Please furnish the follOwing in 
accordance with the conditions speclfied~ on this order. 
Reference: __ 

o DELIVERY: Except for the Terms and Conditions of Purchase 
Order listed on the following page, this delivery order is subject to 
instructions contained on this form and is issued subject to the 
terms and conditions of contract number: __ 

10. Name: Ronald Johnson 
required. Sign below if required and return to contracting 

Name: __ (Person authorized to sign) 

Signature: Date: 

ITEM 
NO. 

DESCRIPTION 

Enhanc.t Right Angle Drive (ERAD) 
Revision 210 DO 171s Issued 10 extend Ihe complellon dale al no 
additional cost 10 Ihe Qovernmeni. The new comoletlon dates follows: (1) 
prototype lestlng completion prior to della CDR, a della CDR In May 
2008, (2) qUII and acceptance testing complete by 9130/011, (3) delivery 
of flight artlclee by 11/"'011. 

DO VALUE: Prior Value This Action CumVllue 
Cost 
Fee 

TOTAL $931,504 $35,251 $966,755 

QUANTITY 
ORDERED 

o COMPo 0 PART. 

For: EC7/Gary Nickel 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 

RECEIVED 

BY: 

PPC: 
$ 968,755 NTE 



~ ... ~ 
I "'-t1on.I .... ronaullcs .nd Sptlce Admlnlstr1lllon 'II .. -Lyndon B. Johnson Sp.ce Center ORDER FOR SUPPLIES OR SERVICES Page 10f 13 
Houston, TX n05ll 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB40B,DOI7Rl See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMarv Thomas Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No.: ~1-483-M28 Fax: ~l-<l83-~l za Order No.: ~tM!§!:la.40a, QQ17Rl 
E-mail: marvJ.thomaslllna •• nnv 

5. Contractor: 6. Deliver On or Before: 315107 to 8/25108 

F.O.B. Point: DESTINATION 
Oceaneering Space Systems 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: (281) 22&-5371 X Fax: (281) 228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2828227 CAGE CODE: Order No.: NNJ05HB40B, 0017R1 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specined on this order. Order listed on the following page, this delivery order is subject to 
Reference: __ instructions contained on this form and is issued subject to the 

terms and conditions of contract number. --
9. Written acceptance of this order by contractor [0 ] is, [181] is not 10. Name: Ronald Johnson 

required. Sign below if required and return to contracting officer. 

Name: __ (Person authorized to sign) 

Signature: ·fQllt i'/J.. 'iLA~A Signature: Date: -- Date:3Ld~7 
CONTRAC QGOFFICER 

11. Schedule i 

m;M 
DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTllY 

NO. ORDERED PRICE ACCEPTED 

Enhanced Right Angle Drive (ERAD) 

Period of Performanoe: 3/5/07 to 1!125108 

1 ReVision 1 to DO 17 Is Issued to revise the Statement of Work (SOW) 
and Increaee the DO value by $35,2f;1 fcom$!!3< .504 to $966,755. All bf 
changes to the SOW have been v6r1k,.a11y bar-marked In the attached 
replacement sCIW. 

DO VALUE: Prior Value This Action C'JmValue 
Cost ---- -- . 

Fee b~ .I.~ <if 
TOTAL $931,5004 $35,251 $966,755 

. 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: ~ 0 COMPo 0 PART. PPC: --
RissueTo: !iC/Joe Gensler, x30025 For. EC7/Garl Nickel 

$ 966,755 

14. Quantities in 'Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1~2' (Rev November 10, 2~) (MS Word August 1985) 



CbW. ROBOTICS AUICLE EQUIPMENT (eRA VK) CONTIU.crl 
DELIVERY ORDER #I: CRAVE-EC..o17 ERAD 

11L.:_:_Q:u_PO_pe:_~_:_x_:_~_TB_~_:_~ ___ O::N_.~_~_ .• "'_t_An_~_D_··:_··rlv_·~_·~_·~_:-_·C_"O_ .. ~_ .. _ ... _ .. _ ... _ .. _ ... _.~_.l!E_ .. _ .. ~_.Y_.!.~~~~~_.c;_9_·~...J1<1 :::::: 

DO Con¥ lDfonpation In Addition to the CRAVE Comet SRri"ilt or co: 
TMR: Joe Cen.ler Phone: (281) 48J.OO2S 

I DO Manager: .Ga:a. Nickel .............................. ~~'!;. CDI) 483-9al Si .... c .................... {I """":DpHGJo.. I] 

I 

DO Mlr. Alternate: ____ _ Phone: ____ _ 
. 

Cgggrreoces: 

pa:a. Nicl!iel ............................ ~~IJ,~~~rs .......................... ~.~~s~.r .......................... 
DOMllDIIIer DO Mer. Manaaement COTR 

Joe CeDller SleveMiDer Ronald JohDIon 
Divilion TMR S4MA Contnetlng omcer 

Tuk Contains Flipt Hardware, Flight Software or GSE? -l'lo 

Prosnm Supportedl ..LShuttle ..,K.ISS ...LEVA _Advanced 

For purpOMlS 01 complying with FAR $2.232-22, Limitation olFunds, 1M total amount allotted by the 
Government to contract is specified in clause B. 6, Contract Funding. The funding listed in B.6 is 1M 
amount allotted lor all Delivery Ordt!l"s on the contract combined. 

All terms and canditions olthe contract apply ta this Delivery Ordt!l". In 1M event 01 a conflict between 
1M contract and this Deli~ Ordt!l", the contract shall prevail. 

WBS rqJorting shall be done in accordance with applicablt! WBS rqJorting categories, as shown above 
and in the contract within &ction C, Tabl. l. 

Page I of12 
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CREW. ROBOTICSAN.HICLE EQUIPMENT (CRAVE) CONTRACf' 
DELIVERY ORDER #I: CRA VE-EC-017 ERAD 

Narrative Tuk Description 

Background I Problem Description: 

1.0 Objective 

The existing bilateral tool Right Angle Drive (PIN SEG33106925-305) has revealed early cycle 
life issues that restrict the useful life IIIld impact overall confidence in the output torque values. 
Design. develop, certify, mllllufacture, and deliver an Enhllllced Right Angle Drive (BRAD) that 
is suitable for breaking and applying static torques IIIld to use as a continuous torque 
transmission device. 

2.0 Need for an Enhanced Right Angle Drive 

The Right Angle Drive (PIN: SEG33106925-305) that is ciurently being used in International 
Space Station (ISS) assembly tasks was only designed to remove ninety-six (96) bolts that would 
require no more than five (5) turns each. Since the RADs initial certification, ISS assembly 
teams have determined that the RAD needs to be used in other assembly tasks that include 
driving bolts in excess of five (5) turns as well as perfonning final bolt torques. Thus, a new 
"enhanced" right IIIlgle drive is required to complete ISS assembly tasks. 

3.0 Prior Work 

NASA currently uses a Right Angle Drive (pIN: SEG33106925-3011-303/-305) that was not 
designed to be used as a transmission to continuously drive bolts more than five (5) turns. The 
current design was extensively fit checked to wotXsites (at the vendor facilities) throughout the 
development ofISS. The existing RAD dimensions are believed to be acceptable for the RAD to 
be used in all assembly tasks which require the use of the RAD. 

Task Description: 

The contractor is to perform the necessary analysis and design of the ERAD to meet the 
performllllce requirements as listed below. The contractor shall present a design cbncept to 
NASA detailing the concept's features such as COTS hardware, unique design features, design 
risks, etc. The contractor shall present a design concept to NASA prior to being awarded the 
contract to design, fabricate, and certify the ERAD. Upon delivery order by NASA, the 
contractor shall complete the design, fabrication, testing, IIIld certification of the ERAD. The 
design shall comply with applicable EVA GDRD requirements. The contractor shall, upon 
successful completion of testing, manufacture, and certification, deliver one (I) qualification, 
five (5) flight, no (0) Neutral Buoyllllcy Laboratory (NBL) compatible ERADs IIIld provide 
sustaining engineering as required for the hardware for a period of no less thllll six (6) months·. 
No part of the design will be proprietary IIIld NASA will have full access and ownership of all 
engineering drawings, CAD models, procedures, IIIld related documentation. The drawings will 
be released in the Electronic Drawing Control Center. All drawings will use JSC standard 
processing (i.e., PRC) callouts. All documentation (requirements documents, assembly 
procedures, certification documentation, etc) will be released through the JSC document system. 

Page 2 ofl2 



CREW, ROBOTICS -HICLE IQlJ1PMENT (CRA VI) CONTltAcrl DIL~~ER##: CBAn-EC::017 IRAQ 

*BRAD Design shall be such that servicing of the internal mechl!lisrns will not be needed; 
however, NASA expects that the contractor support any Items for Investigation (lFI), In-Flight 
Anomoly (IFA), Failure Investigation Action Report (FIAR). or my type of failure that may 
occur within the fIrSt six (6) months after the final delivery of the ERAD. 

1. lteqglremegtt 
The ERAD shall meet, at minimum, the requirements that are listed in JSC-33601. Revision J for 
the Right Angle Drive (pIN: SEG33106925-305) with the exceptions defined in the following 
sections, including capability of being used in either Orbiter payload bay EVA Environment or 
in the ISS EVA environment as defined in JSC-26626A: 

Weiiht 
• The weight oftbc ERAD shall not exceed 4.0 pounds. 

Dimwsi01l8 
• The BRAD shall not exceed the following cmvelope ditttCll3ions: 

o Stowed (haudle closed): IV .JiJ1:~. 2:4? _m.:_~'?J.7J!!: __________________________________________ ------
o Deployed (handle extended): J_U_~_~:2:J,5_iJ1:l}?_~ ______________________________________ ------

• Additional envelope dimcnsionconstraints: ;:::--
o The output housing of the ERAD should not exceed ,1:_~~5_ ~1l.~~_iJ1~~~t_~ _____________ " 

Interfaces 
The enhanced right angle drive (BRAD) shall interfllCC with the following: EVA standard 3/8" 
male drives md EVA standard female drop proof tethers (DPTs). These interfaces shall function 
with a maximum 100°F differential over the operational temperature range. 

• Extravehicular Activity Standard 318" Male Drive Interface 
o Oricmtation 

};> InterfI4lC of the BRAD EVA standard 3/8" male drive to the OPT shall be 
indepeudent of orientation. 

o Interface Oefinition 
};> Interface to the ERAD EVA standard 3/8" male drive shall be in 

accordmce with ICO JSC-33546 (CTSI)-SS-1035). 
o 318" Drive Gage 

};> The BRAD output drive shall interface with the 318" male drive go and 
no-go gage (SOG3811428O-OO1). 

• Drop Proof Tether (OPT) Interface 
o Orientation 

};> Interface of the BRAD OPT to the BVA standard 318" male drive shall be 
independent of orientation. 

o Interface Definition 
};> Interface of the ERAD OPT shall be in accordance with ICO JSC-33546 

(CTSD-SS-I035). 
o Drop ProofTether Gage 

};> The BRAD OPT shall interface with the OPT go and no-go gage 
(SOG38114281-OO1) and the McTether load fixture (gage) 
(80038114296-001). 

Page 3 ofl2 
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· _. 
CREW, ROIJOTICSAN&'CLE I!.QUIPMENT(CRAVE) CONTRAcrl 

DELIVERY ORDER#!: CBAVE·EC-017 ERAD 

.. Push.In·Place (pIP) Pin Interface 
o Interface Definition 

> Interface to the standard 3/16" PIP pin shall be in accordlUtce with ICD 
JSC·33S46 (CTSD·SS·103S). 

o Push·In·Place (pIP) Pin Gage 
> The ERAD DPT shall interface with the DPT PIP pin gage 

(SD03811429S"()()1). 
Life Cycljni ofERAD Mechanism 

.. Drive Mechanism Cycling 

~ 'The-totaliiiiiiibei-ofoutpui-cyclesare-dCiivCdas-followii:---------.----------··-------·------------1 ~~:,!>~iado&lodu 
.. 2 drivetasksIEVAx 10 cycles/drive task x31 EVAs/yearx 15 years x S.F. .- DeIeIIM:2 

[where Scatter Factor (S.F.) = a.gl"' .• n~QO_~y~!~. ________ . _________ . ____ . __ .. _____ ,/-- De ...... : 11,600 

o The 3/8" male drive shall be capable of withstanding (at minimum) J?:~OQ.c)'()I_~. ______ ... 
to verify life expectancy. A cycle is defined as one clockwise (CW) turn followed 
by one counterclockwise (CCW) turn. (NOTE: it is acceptable to perform (for , 
acceptance/qualification testing)kl~*~.~f.cy.~J~.~.f~I}()VI's:.!9..<;WJl!flls ............ _..';::::: 
followed by 1 o. ~f_W mm~J... _____ . __ ....... ___ ... ______ ... ___________ . __ .... _ ..... ___ ........ ___ .. __ '" __ . 

> CCW:AWIXil1p.u.~.~h.~J.~~._Rf.g~,_~~:?.'.~r.~.6:~.~~lb ... J~.~~I()VI'.r<?r .. ~ ..... 
breakdown) ,,> .. 

> CCW: Drive~_utp.u.t~~_~JQ..~.~!h.~ ... n.l_n'!in.g.!~rq~.(Ilfu\P.~~!-P.u.t .... "\ \::: 
> load) of2..~}t~J.~!lJor_?(),~.()f.~y.()I.~s_~ci}·.O.~~!~J~~.?~~.of.()y()I~ ..... __ w.\'~. '.. 

CW: Drive_RlitRut_sll~.!~_~~~.I\.t:tJ'!1ling.~~q~_~_<?IltJlu.t .... _. __ \'\:'. 
load) of 2.. (), !t::I_~!lJ<?!. ?(),~. (}f. cX()It?~. ~ci. ?/!. f! ~!~ J?r .5~~ .of. ()y()!~ •. -.... -.. -IV:.";'.'.. 

> CW: Apply final inPUt shaft$.~_J}:.Q,}?:?,.3~:6.~~!~ ............ __ ... ___ .... __ \~;':::'.\'. 
0 ,1~_10.()f.!It_~.~.~~_~ci.fiu.a1_!~r\l~()s.slla1 ... ~e.p.~.rio~~_~t.~2..~:I~:_ ........ _ ....... _._._ .. _\,~;.\:-.." 
9 1810 of the break and final torques shall be performed at 25.5 ft·lb. -i\\\~:';':' 
o 100 of the break and final torques shall be perfonned at 36.6 ft·lb. \\1;1\·.:· 
o JQ~_().~!Il~_~tJst.slla1I_~e_p.t:!f<?~~.~itll_~~i~tJlo~~_tJ\lJ!_i~~It?Dt_t().a.~.lb.~I?p.!i~ ...... _ ~:W~:·'-· 

vertically at a distance equal to the location of the PGT trigger -. \\\\~t,·.: 
o Life cycle testing may be interrupted to allow the ERAD to cool \A~\ 

.. Male Drive Cycling \\\\\::::.: 
o The BRAD male drive shall be capable of withstanding 1860 cycles to verify life ,\\i~:\ 

expectancy (I tool change outltask x 2 tasksIEVA x 31 EVAslyearx IS years x \:\\'~\ 
S.F. [where S.F. = 2.0]. \\\\(: 

.. Drop ProofTether (OPT) Mechanism \:;\\\ 
o The DPT drive shall be capable of withstanding SSSO cycles to verify life n . 

expectancy (3 DPT change outs/task x 2 taskslEVAx 31 EVAs/yearx IS years x \.\'; 
S.F. [where S.F. = 2.0]. I:' 

.. Handle Deployment Cycling ;:\ 
o The handle shall be capable of withstanding 1860 cycles to veritY life expectancy ~: 

(I handle deployment/taskx2 taskslEVA x 31 EVAslyearx IS years x S.F. \: 
[where S.F. = 2.0]). . 

DeIeIIM: 11,600 

De ...... : 1_ .... .,... 

De ...... : 0 

De ...... :oyol .. 

De ...... : 0 

.,. ...... :oyvI .. 

De ...... : _bolt 

De ...... : 

.,.......: _.21.1 It-lbo (25.S It-lbo x 
I.JO) BV.D input load 

De ...... : bolt 

""""':0 

De ...... : bolt 

DeIeIIM:2 

.' FoIII.IIM: Font color: Ught Blue 

De ...... :. 
.' .' """"':boIt .. . ' 
".'" 

""""':0 

.' """"':obolt .' .' DeIeIIM:2 

~\ F_:Fontcolor: Ught ..... 
\',: . ' De ....... 
~~ De ...... : Fino! bolt 
',; De ...... : with. 21.1 It-lbo (25.S a-lbo x ;\ 
~: 1.J0)BRADinput 

.' DeIeIIM: load. ',: 
:' 

De ...... : Tho .boY. oyola pro&l. (100 

'\\ 
oyol .. ) oboR bo ~ uotil tho 
roquirod .... borofoyvl ..... achiOYad 

Loads 
.. The BRAD shall be able to meet all of the load and cycle requirements over the :fun 

operational temperature rmge of ifJI.~ll.ic~~<>n.:............................................ . .............. . 

.' Fot ".IIM: IluIleCs .nd Numbering \: 
FoI".II8I: Font color: Ught Blue 

FoI" ..... : Font color: light Blue 

De ...... :' 
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CREW, ROBOTICS . -BICLE EQUIPMENT (eRA VE) COHrRAcrl DEL~RDER##: CRAVE-EC..o17 ERAQ 

• The designlanalysisltestin$ of the BRAD shall in~lude thermal degradation factots based 
on the predicted temperature range of the BRAD. 

• At the end of the useful life ofuscfullife ofthc ERAD, the torque transmission efficiency 
shall not be less than 1.5: 1 (output: input) for both static and dynamic load conditions. 

• Torque transmission efficiency factor cannot chanse by more than 0.4 ov« the life of tho 
tool. This may be described by the equation (beginning of life - end of life::: .4). 

• The rotational input speed (_ no-load conditions) shall be capable of operating up to 
speeds of sixty (60) revolutions per minute (RPM). 

• The rotational input speed .hall not exceed sixty (60) RPM when the output torque is 
driving a bolt with a two (2.0) foot-pound (ft-Ib) nmning torque .. 

• The maximum input static load shall not exceed 36.6 ft-lbs (30.S ft-lbs X 1.20). 
• The maximum dynamic input load shall not exceed 28.1 ft-lbs (25.5 ft-Ibs x 1.10). 
• Qual unit shall pass a proofload test of 36.6 x J) f~t",~~:_~_ ft ~J~ _ a~_ !hll_ ~~ _oDiKe _Ilxcl~ ___ ~- -- -m Fot" ..... : Indont: Left: D.2S", 

testing. ... IIUIIIDd + Level: 1 + Algned at: 1" 
If' + T.b Ibr: US" + Indent at: 

• .QlIaI_I:I_~!~_~~~}Jl~_!ll1_1I_~~~~Il_!0_~~~~st_~_}~:6._x}:5f§_':'_5:1:?_0'!Il_titll;Il_~~LLJm~_~~¥ __ ;"" 1.25", TIbo: 0.5", lilt !JIb + Not It 
be refurbished prior to perfonning this test. ", ... 1,25" 

• Cooling time shall be determined through thennal analysis and/or testing but shall not -', '< .......... : Font a>Ior: light IIIue 
exceed five (5) minutes based on EVA environments extremes. ", ' ForinrIIIMI Font a>Ior: light Blue 

• Torque transmission efficiency shall be measured once each at hot and cold extremes at 'Fom_IIM, IIUWs Inc! Numbering 

max torque input load and a side load of 2 lb. 
• ~~_~~_~~~_~_~~iB!l~_~IJ._~~!_llC)_~~r!~_(i:~·J_f~~.QbJec.:.~P~_J!.Q:m)~ .... ---.

be generated during the life of the tool 

Operational Forces 
• The retention force of the DPT locked on an EVA standard 3/8" male drive shall be 18.0 

pounds (limit) without fimctional degmlation of the system components. The DPT shall 
retain an EVA standard 3/8" male drive for a minimum of 60.0 pounds (ultimate), 

• 3/8" Male Drive Soft Docking Force 
o The force required to soft dock into a DPT shall measure between 0.5 and 2.5 

pounds, 
• Hmdle Actuation Force 

o The furce required to openIclose the BRAD handle shall measure between 1.0 and 
6.0 pounds (measured at the center of the handle). 

• PIP Pin Actuation Force 
o The force required to insert or remove the PIP pin into or out of the ERAD DPT 

shall measure between 0,25 and 3.5 pounds. 

FuncUo!IQIRqutwnwrs 
• Fastener Installation and Removal 

o ERAD shall be capable of performing breaking torque on fasteners, driving the 
fastener (during installation or removal), and perfonning final fastener torque, 

• Drive Mechanism Capability 

De ..... , <!I>Tbo oooq limo oboll be 
-tbooah-onolysis 
ondIoc....m. but oboIllllll ..-five 
(5)_booodooBVAonviromnmta 
---....,-

• To;ue=~l~m~~:~:tish!if~~t~~~-~·~~~~l~~~.- .... ----.- .. -~i:::::{:=:~ 
o The BRAD output drive axis shall be perpendicular to the input drive axis. 

• Output-to-Input Rotation 

Page50fl2 
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CREW, ROBOTICSA-ICLE EQUIPMENT (CRAVE) CONTRAcr' DEL~ERN: CRAVE-EC-017 ERAD 

o The ERAD shall have an output drive rotational direction that is the same as the 
input drive rotational direction. 

• Handle Lock 
o The ERAD handle shall be capable of being deployed and locked in eight (8) 

positions (in 45 degree increments) around the ERAD drive train. 
• Handle Position 

o The ERAD handle shall be stowable, and shall have at minimum at least two (2) 
detent positions (0 degrees [fully stowed] and 90 degrees [fully deployed]). 

2. Reporting 
The contractor shall provide weekly technical status, a bi-monthly schedule review, and monthly 
financial management reports as directed in the data requirements table. 

3. EamedValue 
The contractor shall provide data pertaining to earned value reporting for the milestones 
identified in the "Interim Milestones" Table. Above and beyond normal CRAVE 533 reporting, 
the CRAVE contractor shall report earned value on a monthly basis. The earned value baseline 
shall consist of no fewer than the ten (10) interim milestone breakdown of the project with cost 
and schedule associated for each line item. A baseline earned value plan review and approval is 
to be held with NASA not later than two (2) weeks after the delivery order is issued. 

4. Government Provided Equipment 
See Government Furnished Property section. 

s. Prolect Management Plan 
The contractor shall provide a project management plan (PMP) that is limited to three (3) pages 
in length. The PMP shall be released as a JSC document and shall have a JSC document 
number. The PMP shall be released prior to SRR, and the PMP shall be riddable at SRR. 

Page60fl2 



COW, ROIMICS • ICU EQUIPMENT (CRAvt) cONTRAerl DBL~ERN: CIAVE-BC..,.? BRAQ .. 

Hudw_ 

MockUp 

Functional Prototype (including high 

Prototype 
fidelity interfaces) for engineering 7/16/07 m demonstrating design 

Certification certification 
load IUd vibration 

Flight Full acceptlDce testing 5 I 

Training N/A 

Other Qualification Unit IIlI 

Functional testing (acceptance IUd 
Test qualification) N/A II 

Softw .... N/A N/A N/A 

I per 
each 

(ADP) for 
Other Products units II II 

Other Products GeAR 8128/08 N/A 

Page 7 ofl2 
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.. CUW, ROBOTICS ~ICLE EQUIPMENT (CRAVE) CONTRAcrl 
DELIVERY ORDER": CRAVE-IC .. l' ERAD 

Milestones, along with IUbjeetive meauremenb, are to be used tor meUQring perfonn_ For 
IICheduie detail_ Microsoft Project me Joeated on the eRA VE web site for this DO lilted under 
the Government Cost Estmate below. 

TOTAL COST ESTIMATE FOR THIS DO: $(Contrtctor COnmlete) 

PlI: I. (If Applkab1e) 

OPTION 1: ~ (See Attachment 1) 

OPTION 2: $ N/A (See Attachment 2) 

Page8of12 
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CRlW. R08OTICS~ICLE I~UIPMBNT (CRAVE)CONTRAcr' 

D1LIVERY ORDER #I: CRAVE-EC .. 1' ERAD 
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.. CREW. ROBOTICSAN •• CLi EQUIPMENT (CRAVE) CONfRAcr. 
DELIVERY ORDER II: CRAVE-EC...,l' ERA» 

y 

y 

y 

N 

N 

y 

y 

y 

y 

y.rty y 
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CRlW, ROBOTICS~ICLlIQUIPMENT (CRAVE) CONTRACf' 
DELIVERY ORDIRII: CRAVE-RC01? RRAQ 

y 

y Ifapplable 

y 

y 

y 

y 
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.' CRJW, RObOTICS • ICLE EQUIPMENT (CRAVE) CON1'RACf' DEL~ERI#: CBAVE-EC-017 ERAD 

.' 

N 

y 

y 

N 

y 

y 

Y It applicable 

I GOVERNMENT nJRNISHED PROPERTY - The list orlte .... below will be provided as 
Government FurnIshed Property, I 

Item Part Nta'IIber Quantity Value 

~Ma.OmmG~~Go~e SOG3S114280-001 1 $ 2000 each 
OPT GoIN~Go Gage SOG3S114281-001 1 $ 2000 each 
McTether Load Fixture (GII!Ie) SOG38114296-001 1 $ 3000 each 
OPT PIP Pin Gage SDG38114295-001 1 $ 2000 each 

(available by October 11, 2007) 
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I Johnson Sp_ Cent ... ORDER FOR SUPPLIES OR SERVICES Page 10f 12 

TX 77051 

2. Date 
See Block 10 Below 

Issuing 
NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2IMiry Thomn 

Oceaneerlng Space Systems 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: (281) 228-5371 x 

TIN: 95-2628227 

8. Type of Order: 

Fax: 281-'I8:H1Z3 

Fax: (281) 228-5545 

CAGE CODE: 

D PURCHASE: Please furnish the following in 
accordance with the conditions specified on this order. 
Reference: __ _ 

9. Written acceptance 
required. Sign below if required and return to r.nrlt ... r.ti.,n 

Name: ___ (Person authorized to sign) 

Signature: Date: 

IlEM 
NO. 

DESCRIPTION 

NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

Tr~mSIPOr1tatilon Officer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Accountable Property 

Order No.: NNJ05HB<!OB CRAVE-EC7·p017 

6. Deliver On or Before:"2I5Iffl thru7125i08 

F.O.B. Point: DESTINATION 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: NNJ05HB40B, CRAVE-EC7-0017 

D DELIVERY: Except forthe Terms and Conditions of Purchase 
Order listed on the following page, this delivery order Is subject to 
instructions contained on this form and is issued subject to the 
terms and conditions of contract number: __ _ 

10. Name: Ronald Johnson 

Signature: ~~~~~f;;;/~~~~~"'''. 

QUANTITY 
ORDERED 

CRAVE·EC7·D017 Enhlnced Right Angle Drive (ERAD) 

The contractor shall perform and deliver to all bISe requirements of 
CRAVE·EC7·D017 _ described in the attached Stltement or Work. 

, 
~ . Period of Performlnce: 315/07 to 8/25/08 

This Is a CPFF delivery order. 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

JSC Form 14211 (Rev Nov .... ber 10, 2004) (MS Word August 11lt5) 

o COMPo 0 PART. PPC: 

RECEIVED 

BY: 

Authorized U.S. Government 

$ 931,504 

Date 
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CREW, ROBOTICS AND VEIDCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC-017 ERAD 

Narrative Task Description 

Background / Problem Description: 

1.0 Objective 

The existing bilateral tool Right Angle Drive (PIN SEG331 06925-305) has revealed early cycle 
life issues that restrict the useful life and impact overall confidence in the output torque values. 
Design, develop, certify, manufacture, and deliver an Enhanced Right Angle Drive (ERAD) that 
is suitable for breaking and applying static torques and to use as a continuous torque 
transmission device. 

2.0 Need for an Enhanced Right Angle Drive 

The Right Angle Drive (PIN: SEG33106925-305) that is currently being used in Intemational 
Space Station (ISS) assembly tasks was only designed to remove ninety-six (96) bolts that would 
require no more than five (5) turns each. Since the RADs initial certification, ISS assembly 
teams have determined that the RAD needs to be used in other assembly tasks that include 
driving bolts in excess of five (5) tumsas well as performing final bolt torques. Thus, a new 
"enhanced" right angle drive is required to complete ISS assembly tasks. 

3.0 Prior Work 

NASA currently uses a Right Angle Drive (PIN: SEG33106925-301/-303/-305) that was not 
designed to be used as a transmission to continuously drive bolts more than five (5) turns. The 
current design was extensively fit checked to worksites (at the vendor facilities) throughout the 
development ofISS. The existing RAD dimensions are believed to be acceptable for the RAD to 
be used in all assembly tasks which require the use of the RAD. 

Task Description: 

The contractor is to perform the necessary analysis and design of the BRAD to meet the 
performance requirements as listed below. The contractor shall present a design concept to 
NASA detailing the concept's features such as COTS hardware, unique design features, design 
risks; etc. The contractor shall present a design concept to NASA prior to being awarded the 
contract to design, fabricate, and certify the ERAD. Upon delivery order by NASA, the 
contractor shall complete the design, fabrication, testing, and certification of the BRAD. The 
design shall comply with applicable EVA GDRD requirements. The contractor shall, upon 
successful completion of testing, manufacture, and certification, deliver one (1) qualification, 
five (5) flight; no (0) Neutral Buoyancy Laboratory (NBL) compatible BRADs and provide 
sustaining engineering as required for the hardware for a period of no less than six (6) months*. 
No part of the design will be proprietary and NASA will have full access and ownership of all 
engineering drawings, CAD models, procedures, and related documentation. The drawings will 
be released in the Electronic Drawing Control Center. All drawings will use JSC standard 
processing (i.e., PRC) callouts. All documentation (requirements documents, assembly 
procedures, certification documentation, etc) will be released through the JSC document system. 

Page 2 of 12 



I I 
CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERYORDER#: CRAVE-EC-017ERAD . 

. *ERAD Design shall be such that servicing of the internal mechanisms will not be needed; 
however, NASA expects that the contractor support any Items for Investigation (IFI), In-Flight 
Anomoly (IFA), Failure Investigation Action Report (FIAR), or any type of failure that may 
occur within the first six (6) months after the final delivery of the ERAD. 

1. Requirements 
The ERAD shall meet, at minimum, the requirements that are listed in JSC-33601, Revision J for 
the Right Angle Drive (PIN: SEG33106925-305) with the exceptions defined in the following 
sections, including capability of being used in either Orbiter payload bay EVA Environment or 
in the ISS EVA environment as defined in JSC-26626A: 

Weight 
• The weight of the ERAD shall not exceed 4.0 pounds. 

Dimensions 
• The ERAD shall not exceed the following envelope dimensions: 

a Stowed (handle closed): 10.83 in. x 2.5 in. x 3.10 in. 
a Deployed (handle extended): 10.83 in. x 2.5 in. x 7.25 in. 

• Additional envelope dimension constraints: 
a The output housing of the ERAD should not exceed 1.5 inches in diameter 

Interfaces 
The enhanced right ~gle drive (ERAD) shall interface with the following: EVA standard 3/8" 
male drives and EVA standard female drop proof tethers (DPTs). These interfaces shall function 

o 
with a maximum 100 F differential over the operational temperature range. 

• Extravehicular Activity Standard 3/8" Male Drive Interface 
a Orientation 

~ Interface of the ERAD EVA standard 3/8" male drive to the DPT shall be 
independent of orientation. 

a Interface Definition 
~ Interface to the ERAD EVA standard 3/8" male drive shall be in 

accordance with ICD JSC-33546 (CTSD-SS-1035). 
a 3/8" Drive Gage 

~ The ERAD output drive shall interface with the 3/8" male drive go and 
no-go gage (SDG381 14280-001). 

• Drop Proof Tether (DPT) Interface 
a Orientation 

~ Interface of the ERAD DPT to the EVA standard 3/8" male drive shall be 
independent of orientation. 

a Interface Definition 
~ Interface of the ERAD DPT shall be in accordance with ICD JSC-33546 

(CTSD-SS-I035). 
a Drop Proof Tether Gage 

~ The ERAD DPT shall interface with the DPT go and no-go gage 
(SDG381 14281-001) and the McTether load fixture (gage) 
(SDG38114296-001). 

Page 3 of12 



, , 
CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC-017 ERAD 

• Push-In-Place (PIP) Pin Interface 
o Interface Definition 

~ Interface to the standard 3/16" PIP pin shall be in accordance with ICD 
JSC-33546 (CTSD-SS-1035). 

o Push-In-Place (PIP) Pin Gage 
~ The ERAD DPT shall interface with the DPT PIP pin gage 

(SDG38114295-001). 
Lite Cycling ofERAD Mechanism 

• Drive Mechanism Cycling 
o One (1) cycle is defined as one(l) output revolution .. 
o The total number of output cycles are derived as follows: 

• 2 drive tasks/EVA x 10 cycles/drive task x 31 EV As/year x 15 years x S.F. 
[where Scatter Factor (S.F.) = 2.0] = 18,600 cycles 

o The 3/8" male drive shah be capable of withstanding (at minimum) 18,600 cycles 
to verify life expectancy. A cycle is defined as one clockwise (CW) turn followed 
by one counterclockwise (CCW) tum. (NOTE: it is acceptable to perform (for 
acceptance/qualification testing) large number of cycles as follows: 100 CW 
cycles followed by 100 CCW cycles.) 

~ CCW: Break bolt torque with a 28.1 ft-lbs (25.5 ft-Ibs x 1.10) ERAD input 
load 

~ CCW: Drive bolt 100 turns with a bolt running torque (ERAD output load) 
of2.0 ft-Ibs. 

~ CW: Drive bolt 100 turns with an bolt running torque (ERAD output load) 
of2.0 ft-lbs. 

~ CW: Final bolt torque with a 28.1 ft-lbs (25.5 ft-lbs x 1.10) ERAD input 
load. 

o The above cycle profile (100 cycles) shall be repeated until the required number 
of cycles are achieved. 

o Life cycle testing may be interrupted to allow the ERAD to cool 
• Male Drive Cycling 

o The ERAD male drive shall be capable of withstanding 1860 cycles to verify life 
expectancy (1 tool change out/task x 2 tasks/EVA x 31 EV As/year x 15 years x 
S.F. [where S.F. = 2.0]. 

• Drop Proof Tether (DPT) Mechanism 
o The DPT drive shall be capable of withstanding 5580 cycles to verify life 

expectancy (3 DPT change outs/task x 2 tasks/EVA x 31 EV As/year x 15 years x 
S.F. [where S.F. = 2.0]. 

• Handle Deployment Cycling 

Loads 

o The handle shall be capable of withstanding 1860 cycles to verify life expectancy 
(1 handle deployment/task x 2 tasks/EVA x 31 EVAs/year x 15 years x S.F. 
[where S.F. = 2.0]). 

• The ERAD shall be able to meet all of the load and cycle requirements over the full 
operational temperature range of it's certification. 

• The design/analysis/testing of the ERAD shall include thermal degradation factors based 
on the predicted temperature range of the ERAD. 

Page 4 of12 



, • CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER #: CRA VE-EC-017 ERAD 

• At the end of the useful life of useful life of the ERAD, the torque transmission efficiency 
shall not be less than 1.5: 1 (output: input) for both static and dynamic load conditions. 

• Torque transmission efficiency factor cannot change by more than 0.4 over the life of the 
tool. This may be described by the equation (beginning of life - end of life::: .4). 

• The rotational input speed (at no-load conditions) shall be capable of operating up to 
speeds of sixty (60) revolutions per minute (RPM). 

• The rotational input speed shall not exceed sixty (60) RPM when the output torque is 
driving a bolt with a two (2.0) foot-pound (flAb) running torque. 

• The maximum input static load shall not exceed 36.6 ft-lbs (30.5 ft-lbs x 1.20). 
• The maximum dynamic input load shall not exceed 28.1 ft-lbs (25.5 ft-lbs x 1.10). 

o The cooling time shall be determined through thermal analysis and/or testing but 
shall not exceed five (5) minutes based on EVA environments extremes 

• The ERAD shall be designed such that no debris (Le., Foreign Object Debris [FOD]) will 
be generated during the life of the tool 

Operational Forces 
• The retention force of the DPT locked on an EVA standard 3/8" male drive shall be 18.0 

pounds (limit) without functional degradation of the system components. The DPT shall 
retain an EVA standard 3/8" male drive for a minimum of 60.0 pounds (ultimate). 

• 3/8" Male Drive Soft Docking Force 
o The force required to soft dock into a DPT shall measure between 0.5 and 2.5 

pounds. 
• Handle Actuation Force 

o The force required to open/close the ERAD handle shall measure between 1.0 and 
6.0 pounds (measured at the center ofthe handle). 

• PIP Pin Actuation Force 
o The force required to insert or remove the PIP pin into or out of the ERAD DPT 

shall measure between 0.25 and 3.5 pounds. 

Functional Requirements 
• Fastener Illstallation and Removal 

o ERAD shall be capable of performing breaking torque on fasteners, driving the 
fastener (during installation or removal), and performing final fastener torque. 

• Drive Mechanism Capability 
o The ERAD shall allow a continuous rotation in the clockwise and 

counterclockwise directions. The mechanism shall operate freely. 
• Torque Output Angle 

o The ERAD output drive axis shall be perpendicular to the input drive axis. 
• Output-to-Input Rotation 

o The ERAD shall have an output drive rotational direction that is the same as the 
input drive rotational direction. 

• Handle Lock 
o The ERAD handle shall be capable of being deployed and locked in eight (8) 

positions (in 45 degree increments) around the ERAD drive train. 
• Handle Position 

o The ERAD handle shall be stowable, and shall have at minimum at least two (2) 
detent positions (0 degrees [fully stowed] and 90 degrees [fully deployed]). 

Page 5 of12 



, , 
CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC-017 ERAD 

2. Reporting 
The contractor shall provide weekly technical status, a bi-monthly schedule review, and monthly 
financial management reports as directed in the data requirements table. 

3. Earned Value 
The contractor shall provide data pertaining to earned value reporting for the milestones 
identified in the "Interim Milestones" Table. Above and beyond normal eRA VE 533 reporting, 
the CRAVE contractor shall report earned value on a monthly basis. The earned value baseline 
shall consist of no fewer than the ten (10) interim milestone breakdown of the project with cost 
and schedule associated for each line item. A baseline earned value plan review and approval is 
to be held with NASA not later than two (2) weeks after the delivery order is issued. 

4. Government Provided Equipment 
See Government Furnished Property section. 

5. Project Management Plan 
The contractor shall provide a project management plan (PMP) that is limited to three (3) pages 
in length. The PMP shall be released as a JSC document and shall have a JSC document 
number. The PMP shall be released prior to SRR, and the PMP shall be riddable at SRR. 

Page 6 of 12 
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CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC-017 ERAD 

Deliverables/Products: 

Hardware 

MockUp 

Functional Prototype (including high 

Prototype 
fidelity interfaces) for engineering 

I 7/16/07 
testing demonstrating design 
durability, 

Certification 
Full Class I Flight certification 
including thermal, load and vibration 

Flight Full acceptance testing 5 

Training N/A 

Other Qualification Unit 

Functional testing (acceptance and 
Test qualification) N/A 

Software N/A N/A N/A 

1 per 
each 

Acceptance Data Package (ADP) for flight 1 
Other Products each flight and units qual unit 

Other Products GeAR 1 8/28/08 

Page 7 of12 

ill 

I 

1111 

II qual 

N/A 

I III 

N/A 



'. • I 
CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC-017 ERAD 

SCHEDULE 

Start Date: March 5, 2007 Finish Date: August 25, 2008 

System Requirements Review (SRR) Suggested date 3/1/07 

Prototype Fabricated Suggested date 5/1/07 

Prototype Testing Completed Suggested date 6/1/07 

Suggested date 6/15/07 

Critical Design Review (CDR) Suggested date 10/16/07 

Hardware Fabrication Complete Suggested date 2115108 

Hardware Qual/Acceptance Testing Complete Suggested date 5/16/08 

Certification Complete Suggested date 6/17/08 

SAR Suggested date 7/1108 

Hardware Delivery 7125/08 

Milestones, along with subjective measurements, are to be used for measuring performance. For 
schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed under 
the Government Cost Estimate below, . 

t~ta'tijJ~~~~nt;)]jsti~~t~tbr'f~i§tr(j:1 ..... . .... 
. iCc. " .·.O .•. '.p.l."iO .. n.· •. ·.l ..•.. :.···· .. $.·.·.· ........... '. (SeeAttachllient1) 

.9.pti~~.~:$/(Se~ Attaclfm~~t21· 
. ,"j:, -. ""--':'::"('\'" •. \ 

TOTAL COST ESTIMATE FOR TmS DO: $rContfacto1¥ifDompl~te) 

FEE: ~ (If Applicable) 

OPTION 1: $"N1A (See Attachment 1) 

OPTION 2: $'N/A (See Attachment 2) 

Page 8 of 12 
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CREW, ROBOTICS AND VEIDCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC-017 ERAD 

DATA REOUIREMENTS 

NOTES: 1. GREY SCALED ROWS NEED NO r>..aJ ......... 

2, ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 
IV1l:RIl~S IN LAST COLUMN. 

N 

y 

y 

y 

N 

y 

y 

N 
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CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC-017 ERAD 

N 

N 

y 

N 

y 

y 

y 

N 

N 

y 

y 

y 

Yearly 
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CREW, ROBOTICS AND VEffiCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC-017 ERAD 

N 

Y 

Y If applicable 

N 

Y 

Y 

Once with Revisions Y 
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, • CREW, ROBQTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER #: CRA VE-EC~017 ERAD 

y 

y 

N 

y 

y 

Y If applicable 

GOVERNMENT FURNISHED PROPERTY - The list of items below will be provided as 
Government Furnished Property. 

Item Part Number Quantity Value 

3/8" Male Orive Go/No-Go Gage 80G38114280-001 1 $ 2000 each 
OPT Go/No-Go Gage . 80G38114281-001 1 $ 2000 each 
McTether Load Fixture (Gage) 80G38114296-001 1 $ 3000 each 
OPT PIP Pin Gage 80G38114295-001 1 $ 2000 each 

} (available by October 15, 2007) 
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Nltional Aeronlutk:s Ind SpiCe Admlnlltnltion 

I Lyndon B. Johnson Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 1 
Houston, TX nos. (DO Attached) 
1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. DO-CRAVE-EC-015 See Block 10 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: Cha~es A. Rilev Jr. Houston, TX 7705B-3696 

Mark For: Accountable Property 

Tel No.: 281-483-6280 Fax: Order No.: DO-CBAVIi-EC:Q15 
E-mail: mlchlel.d bill I.aov 
5. Contractor: 6. Deliver On or Before: See Block 11 
Oceaneering Space Systems 
16665 Space Center Blvd. F.O.B. Point: Destination 
Houston, TX 77058 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 

Phone: (281) 228-5371 x Fax: (281) 228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: DO·CRAVE-EC-015 

B. Type of Order: 

0 PURCHASE: Please furnish the following in 181 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions speclfted on this order. Order listed on the follOwing page, this delivery order is sublect to 
Reference: __ instructions contained on this form and is issued subject to he 

terms and conditions of contract number: ~NJ051:!~Oe 

9. Written acceptance of this order by contractor (181] is, [0 lis not ~me: ~h .. rl .. '1 A. RIIB\l..Jr. 
required. Sign below if required and retum to contracting o1Iicer. 

U ~ N'h\ Name: Ronda Kautz. (P~ aVoISign) 

I,;Datemfpj?p' 
Signature: KctAflVl\. ~ Date: 06128/06 Sig ,/I bf\\ ~ ~, 0 IJ . Cv ilTRAQ'nillc! '~~'1 

11. Schedule I 
ITEM DESCRII'TlON QUANTITY UNIT UNIT OUNT QUANTITY 
NO. ORDERED PRICE V ACCEI'TED 

The Contractor shall perform and deliver to all requirements for: 

DO-CBAVE-EQ.()15: CI Sublimator EDU 

The Period of Performance for this DO is: 07·28-06 Ibru 11-08-06 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: __ 0 COMPo 0 PART. PPC: __ 

RissueTo: 
$ $89,860 

--
14. Quantities in "Quantity Accepted" Column Have Been 

0 INSPECTED o ACCEPTED D RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Govemment Representltive Olle 
JSC Form 142~ (Rev November 10, 2004) (MS Word August 1~g5) 



NATIONAL AERONAUTICS ANt> SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

Oceaneering Space Systems, Inc. 
Contract NNJ05H840B 

Task Order Number Revision Number Purchase Request Number 

8 16 Funded at Contract Level 

SOWWBS Fiscal Year Technical MonitorlDivisionlExtension 

FY09 
COTR: Ralph MarakiEC ext:3-9144 

Task Order Title 

TRACE GAS ANALYZER (TGA) 

DescriptionIPurpose 

The purpose of this delivery order revision is to extend the period of performance from October 3D, 
2009 to November 3D, 2009. The tasks required for this revision is identified in the Oceaneering 
Space Systems letter, CNTR-219-09. The recapitulation of the delivery order value is shown below 
per this revision. ' 

Previous Revisions Action (Rev 16) Task NTE Value 
Cost /-____ 6y hl( hi{-
Fee 
Total $5',286,993 I - $ 302,849.00 $5,589,842 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 

Contracting Officer Simature 

Ronald Johnson 

o 
Page 1 of 1 

Date 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

LYNDON B. JOHNSON SPACE CENTER 
HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

Oceaneering Space Systems, Inc. 
Contract NNJ05HB40B 

Task Order Number Revision Number Purchase Request Number 

8 15 Funded at Contract Level 

SOWWBS Fiscal Year Technical Monitor/Division/Extension 

FY09 COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 

TRACE GAS ANAL YZER (TGA) 

'. 
Descril!tionlPurl!ose 

The purpose of this delivery order revision is to extend the period of performance from June 18, 
2009 to Octot;>er 30, 2009. The tasks required for this revision is identified in the Oceaneering 
Space Systems letter, CNTR-156-09. The recapitulation of the delivery order value is shown below 
per this revision. 

Previous Revisions I Action (Rev 15) I Task NTE Value 
Cost b'i hy: b'f -
Fee 

., 
, -, 

Total $4,889,841 '$397,152 f $5,286,993 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. , 

., 

NASA Approval I 

Contracting Officer' Signature . '. Date 

Ronald Johnson ({ 0'Vl dl.J, ') 
7/J 7/C) 9 In A.iU2Ih. 

I 
. 
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NATIONAL AERONAUTICS AND SPACE ADPIINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

Task Order Number 

6 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

Oceaneering Space Systems, Inc. 
Contract NNJ05HB40B 

Revision Number Purchase Request Number 

14 Funded at Contract Level 

SOWWBS Fiscal Year Technical MonitorlDivision/Extension 

FY09 COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 

TRACE GAS ANALYZER (TGA) 

Description/Puroose 

The purpose of this delivery order revision is to extend the period of performance from April 15, 2009 
to June 18, 2009. The tasks required for this revision is identified in the Oceaneering Space 
Systems letter, CNTR-047-09; and the associated ROM cost are $174,607. 

Previous Revisions Action (Rev 1~) Task NTE Value 

Cost $ bt --+....;:;$- b'f r-L b'f 
Fee $ $ $ 1-"-"..;;.....-1--''----... --+-"'-----I-~--
Total $ ~,715,23~ $ 17~,607 $ 4,889,841 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN~ THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 

Contractina Officer SiJJnsture 

Ronald Johnson 

Pagel0fr 

Date 

, 



[ NatIonal Aeronautics and Space Admlnialratlon 

I ORDER FOR SUPPLIES OR SERVICES Page 10f 2 Lyndon IS. Johnson Sp ... Center 
Houaton, TX 770511 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB-40B, DO 8, Rev. 13 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2!Marv Thorn" Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281~28 Fax: 2I!1-244-09!!§ Order No.: ~~.!!:§I::l!Ml!Il, CQ D, Bax 1~ 
E-mail: ,.nov 
5. Contractor: 6. Deliver On or Before: W28/20!:§· !MI30!2009 

Oceaneerlng Space Systems F.O.B. Point: DestinaVon 
Attn: Ronda Kautz 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 
Phone: 281·228-5370 x Fax: 281·228-5545 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 92·2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, DO 8, Rev. 13 

IS. Type of Order: 
0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 

accordance with the conditions specified on this order. Order listed on the following page, this delivery order Is subject to 
Reference: __ instructions contained on this form and is issued subject to the 

terms and conditions of contrect number: __ 
. 

9. Written acceptance of this order by contractor!D ) Is, [181 ) Is not 10. Name: RQ[!i!ld Joh[!son 
reqUired. Sign below if required and retum to contracting officer. 

...n ••• J!.cr.--ll QJo ... n.., JJr/o K 
Name: (Person authorized to sign) 

Signature: Date: -- CON RACTIN9PFFICER 
11. Schedule v 

ITEM 
DESCRIPTION 

auANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO. ORDEREO PRICE ACCEPTED 

Trece Gas Analyzer (TGA) 

1 Revision 13 to DO IS Is Issued to perform the tasks ouilined on page 2, ~ 
Jnere .... the DO veJue by . \$If to $4,715,234, and 

extend the period of performance to ~30/09. 

continued page 2 

12. For JSC Internal Use Only: . , 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
RissueTo: 

, $ NTE $4,715,234 
liiC21Bi!lllh Marais. x~9144 

14. Quantities in 'Quantity Accepted" Column Have Been • 0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word August 1;95) 



- (. 
Oceaneering 

NNJ05HB40B, DO 8R13 
Page20f2 

TASKS TO BE PERFORMED UNDER DO 8 REVISION 13 

Additional Flight Assembly Tasks; 

1. Resolving hardware and electronics issues with this first flight build. 
2. Refining complex steps in new assembly and testing documents. 
3. Debugging the new Ion Pump throttle down feature. 
4. Hurricane Ike prep and recovery. 
5. Paperwork and tech time to add a grounded cable shield to the QMSA electronics. 

Also includes staking screw heads on Circuit Boards and Mechanical Parts. 

Additional TGA Lab Tasks; 

1. Maintain compliance with JSC's Pressute System Requirements. 
2. Provide addition components tallow both the Dev Unit and Flight Unit to be hooked 

up to the TGA Lab vacuum system at the same time. Needed for continuing software 
development. 

3. Repair failed TGA Lab components and TGA Lab calibration efforts. 
4. Self training of the new TGA Manager and new assistant Lab Engineertr echnician, 

trainer time, and the additional time needed to initially perform useful tasks due to 
unfamiliarity. This unexpected task is needed due to the company loss of both the 
primary and secondary TGA lab operators. 

5. Enhancing lab documentation for current and future TGA Certification and 
refurbishment. 

Additional Software and JPL Electronics Tasks; 

1. Identifying and fixing software bugs in the original TGA Code that reduced accuracy 
as well as a4ditional time needed to make new algorithms for faster gas scanning. 

2. Consolidating and correcting JPL's incomplete and inaccurate electronic design 
information. 

3. Procuring, inspecting, and repairing a backup/spare Set ofQMSA Ele*ctronics. , 
l 



I National Aeronautics and Space Administration i ; 
• 

Lyndon B. Johnson Space Center ORDER FOR SUPPLIES OR SeRVICES Page 10f 2 
Houston, TX 77058 

( 

1, Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB40B, DO 8, Rev. 12 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2/Marv Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281-483-8828 Fax: 281-244-09!:l5 Order No.: NNJ05HB4QB, DQ tI. B~v. 12 
E-mail: marv.f.thomas®nasa.oov 
5. Contractor: 6. Deliver On or Before: 11/28/2005 - 04/03/20Q!:l 

Oceaneering Space Systems F .O.B, Point: Destination 
Attn: Ronda Kautz 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: 281-228-5370 x Fax: 281-228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 92-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, DO 8, Rev. 12 

8. Type of Order: 

D PURCHASE: Please furnish the following in D DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is subject to 
Reference: -- instructions contained on this form and is issued subject to the 

terms and conditions of contract number: __ 
, 

9. Written acceptance of this order by contractor [0 ] is, [121] is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting officer. 

Name: (Person authorized to sign) 

Signature: tOw /l/J!!JAllhIn_ Date:~t Signature: Date: --
CONTRACTI~ OFFICER 

11. Schedule 
ITEM 

DESCRIPTION 
QUANTITY 

UNIT 
UNIT 

AMOUNT 
QUANTITY 

NO. ORDERED PRICE ACCEPTED 

DO-CRAVE-EC-OOe, Trace Gas Analyzer (TGA) 

Revision 12 to DO 8 Is Issued for the performance of the following tasks: Lot by 
1) identification and resolution of thermal performance Issues with the 
existing MCP HV circuit·board. ' 
2) design development, manufacturing, and testing of a new MCP HV 
circuit board design that can operate longer before overheating. 
3) build two new flight MCP HV circuit boards. 
4) build one unit Integrated and tested with the flight TGA. 

The completion date Is extended to April 3, 2009. 

continued page 2 

12. For JSC Internal Use Only: . ; 13. Total 

Requisition No.: N/A 0 COMPo 0 PART. PPC: -1-- $ NTE $3,902,381 
Rissue To: EQ2iBa!gh Marak, x39144 

14. Quantities in "Quantity Accepted" Column Have Been , 
D INSPECTED D ACCEPTED D RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 



- , " 

Order No.: NNJ05HB40B, D08R12 ( 'JRDER FOR SUPPLIES OR SER~, ES PAGE 2 Of2 
(CONTINUATION SHEET) 

-, 
SCHEDULE 

ITEM DESCRIPTION 
QUANTITY UNIT UNIT AMOUNT QUANTITY 
ORDERED PRICE ACCEPTED 

RECAP DO VALUE: 

PRIOR THIS Ar.TION r.IIM \lAI I u: 

COST 

b~ 
FEE 

TOTAL $3,672,777 $229,604 $3,902,381,00 

FUNDING RECAP -, 

PRIOR THIS ACTION CUM FUNDING 

COST 

bi 
FEE 

TOTAL $3,670,213.61 $99,881.63 $3,770.095.24 

" 

! 

~ 

JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 



i L 

N.llonIIl AMon.utlca .nd SpIICtI Admlnlatratlon 

I 
' , 

Lyndon B. Johnson S..- Cent ... ORDER FOR SUPPLIES OR SERVICES Page 10f 2 
Houaton, TX 77051 

( 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HBo4OB, DO II, Rev. 11 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Ofticer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2/Mlrv Thomas Houston, TX 77058-3696 

Mark For: Account.ble Property 

Tel No.: 2l!l~MZII Fax: ZII1-;Z44-Q!l95 Order No.: tltM!§t!ao4OB, DQ 8 Bm!, 11 
E-mail: "on. n ..... oov 
5. Contractor: 6. Deliver On or Before: 11JW05 - 09130/011 

Oceaneering Space Systems F.O.B. Point: Destination 
Attn: Ronda Kautz 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: 281-2211-5370 x Fax: 281-228-55<45 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 92-2828227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, DO 8, Rev. 11 

8. Type of Order: 

0 PURCHASE: Please furnish thii fOIlOwi:f in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specili on this order. Order listed on the following page, this delivery order is subject to 
Reference: __ instructions contained on this form and is issued subject to the 

terms and conditions of contract number: __ 

9. Written acceptance ofthis order by contractor [0 ) is, [121) is not 10. Name: Ronald Johnson 
required. Sign below If required and return to contracting ofticer. 

Name: (Person authorized to sign) 

Signature: ~OW n 0-1 ti)) .IlA..nate: .J/ajD j Signature: Date: -- CONTRACTINIJ OFFICER 
11. Schedule 

ITEM 
DESCRIPTION 

QUAi'lTITY 
UNIT 

UNIT 
AMOUi'lT 

QUAi'lTITY 
NO. ORDERED PRICE ACCEPTED 

DO-CRAVE-EC-008, Trace GIS Anllyzer (TGA) 

Revlalon 11 to DO 8 Is l.sued to chlnge the Stltement or Work to add Lot tnks 1-15 (see Palle 2). Increase the DO value. lind extend 
the completion dllte. 

The DO vllue II i - . '. ito a 
cumulative NTE value or $3,672,777. 

The completion date is extended to 9130/011. 

continued page 2 

12. For JSC Internal Use Only: , , 13, Total 
Requisition No.: NlA 0 COMPo 0 PART. PPC: -'-
RissueTo: EQ2IJoe Gensler, x300:Z5 For: EC2IRal(!h Marak, x39144 

I $ NTE $3,672,777 

14. Quantities in 'Quantity Accepted' Column Have Been ~ 

0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Dlte 
JSC Form 1429 (Rev November 10, 2004) (MS Word Auguat 1985) 



-
l 

ORDER FOR SUPPLIES OR SEU Order No.: flIt:f.Il!l!:IIHI!B. !;!QIBH ~ ,cES PAGE2of2 
'(CONTINUATION SHEET) 

SCHEDULE 

ITEM DESCRIPTION QUANTITY UNIT 
UNIT . 

AMOUNT QUANTITY 
ORDERED PRICE ACCEPTED 

1 JPL Re-Test Lot 

2 Inspect, Repair, Assemble JPL Elect Lot 

3 GFE HV Failures Lot 

4 Mod Flight HV aOlird Lot 

5 Teet Stand Lelks & Updates Lot 

RECAP DO VALUE: 

PRIOR THIS ACTION CUM VALUE 

COST if{ "'f J,f 
FEE 

TOTAL $3,307,355 $365,422 $3,872)77 

, .. , 

i 

\ 

JSC ""'"' 14211 (ROIl November 10. 20(1) (MSWOId August 11115) 



~. '"' NlllIorW Aeronautics and SplICe Adminl.lralion 
ORDER FOR SUPPLIES OR SERVICES Lyndon B. Johnson Space C .. ter Page 10f 1 

Houston, TX 77061 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB<WB, DO 8, Rev. 10 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMarv Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281-483-88211 Fax: ~1-'483-"173 Order No.: !':!I!':!IJOSl:!a<W1l DO a Blx 111 
E-mail: m'~ nnll 

5. Contractor: 6. Deliver On or Before: Sel alock 11 aelow 

Oceaneering Space Systems F.O.B. Point: Destination 
Attn: Ronda Kautz 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: 2111-228-5370 x Fax: 281-228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

. 

TIN: 92-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, DO 8, Rev. 10 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is SUbJect to 
Reference: __ instructions contained on this form and is issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptance ofthis order by contractor [0 ] is, [181] is not 10. Name: Ronald Johnson 
om 18 2007 required. Sign below if required and return to contracting ollicer. 

Name: (Person authorized to sign) 

"g,"'~ (l ~ JZL -maloj Signature: Date: -- ~ CONTRACTINg OFFICER ' 
11. Schedule 

ITEM 
DESCRIPllON 

aUANTIlY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 

NO. ORDERED PRICE ACCEPTEO 

DO-CRAVE-EC.()()!!, Trace Gas Analyzer (TGA) 

1 Rev;';on 10 to DO II Is Issued to ... b~ 
1) Increa.e DO value by $750,000 from $2,557,355 to $3,307,355. 
2) extend the period of performance to 3131/08 and 
3) change the delivery dete for IInallllght documentlllion to 4/30/011. 

All other terms and condHions of the delivery order remain unchanged. 

Pllor This Action Cum Value 
Cost 'Ii\;\ 'o~ lJ; Fee 

Total $2,557,355 $750,000 $3,307,355 

12. For JSC Internal Use Only. 13. Total 
Requisition No.: NlA 0 COMPo 0 PART. PPC: --
RissueTo: ~C2IJoe G!ll!!sler x30025 For: ~C2IRalllh Marak, x3!l14~ 

$ NTE $3,307,355 

14. Quantities in "Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Fonn 1429 (Rev November 10, 2004) (MS Word August 1995) 



~ NIIIional Aeronautics and Spac. Admlnlstralion 
ORDER FOR SUPPLIES OR SERVICES Page 10f 1 Lyndon B. John.on Spa .. Center 

Houston, TX 77051 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB40B, DO 8, Rev. 9 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Omce: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2!Mary Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281-483-8828 Fax: 281-483-1173 Order No.: NhjJQliI:!Ml!B DO 8 Bev.!l 
E-mail: ,~f' nasaaov 
5. Contractor: 6. Deliver On or Before: See Block 11 Below 

Oceaneering Space Systems F.O.B. Point: Destination 
Attn: Ronda Kautz 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: 281-228-5370 x Fax: 281-228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 92-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, DO 8, Rev. 9 

8. Type of Order: 

D PURCHASE: Please furnish the follOwing in D DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is subject to 
Reference: -- instructions contained on this form and is issued subject to the 

terms and conditions of contract number: --
9. Written acceptance ofthis order by contractor [0 1 is, [1811 is not 10. Name: Ronald Johnson 

required. Sign below if required and return to contracting omcer. 

Name: (Person authorized to sign) I:~ . ~ 
Signature: Date: -- Signature: .IYYL.I~l 'L). AI~ Date: ~/ 0) 

, CONTRACTIN, OFFICER 
11. Schedule 

ITEM 
DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO. ORDERED PRICE ACCEPTED 

DO-CRAVE-EC-008, Trace Gas Analyzer (TGA) 

1 Revision 9 to DO B is issued to Increase the DO value by $207,978 from 
$2,349.377 to $2.557.355 and extend the Deriod of Derformance to 
12131/07. 

Penod of Performance: 11128/05 to 12131/07 

RECAP of Value 

Prior This Action Cum Value 
Cost 

~ b~ b-( Fee 

I 
12. For JSC Internal Use Only: 13. Total 

Requisition No.: N/A 0 COMPo 0 PART. PPC: --
RissueTo: EC2IJoe Gensler, x30025 For: EC2IRal~h Marak, x39144 

$ NTE $2,557,355 

14. Quantities in "Quantity Accepted" Column Have Been 
D INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 



ORDER FOR SUPPLIES OR SERVICES Page 10f 1 

See Block 10 Below 
NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2!Mary Thomas 

Oceaneering Space Systems 
Attn: Ronda Kautz 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: 281-228-5370 x 

TIN: 92-2828227 

8. Type of Order: 

Fax: 2111-483-4173 

Fax: 281-2211-5545 

CAGE CODE: 2F282 

Tr~lnsloorltatilon Officer, Building 421 
Johnson Space Center 

Houston, TX 77058-3696 
Mark For. Account.ble Property 

Order No.: NNJ05HB4QB DO II Rev 8 

6. Deliver On or Before: 11/28/05 to 9/28107 

F.O.B. Point: Destination 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: NNJ05HB40B, DO 8, Rev. 8 

o PURCHASE: Please furnish the following in 
accordance with the conditions specified on this order. 
Reference: __ 

o DELIVERY: Except for the Terms and Conditions of Purchase 
Order listed on the following page, this delivery order is subject to 
instructions contained on this form and is issued subject to the 
terms and conditions of contract number: _ 

10. Name: Ronald Johnson 

Name: ______________________ __ 

Signature: ______________ Date: 
Signature: -§~~fc~~~~~r/o\ol.llte: 

ITEM 
NO. 

DESCRIPTION 

Revision 8 to DO 8 Is Issued to extend the period of performance to 
Seotember 211. 2007. All other terms and conditions of the delivery order 
remain unchanged. 

Period of Perfonnance: 111211/05 to 9128107 

THIS IS A CPFF DELIVERY ORDER. FUNDING IS AT THE 
CONTRACT LEVEL. THE CONTRACTOR IS NOT AUTHORIZED TO 
EXCEED THE DELIVERY ORDER VALUE. 

QUANTITY 
ORDERED 

UNIT 

o COMPo 0 PART. PPC: 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

JSC Form 10429 (Rev November 10, 20004) (MS Word August 1995) 

" 

For. EC2IRalph Marak, x39144 

RECEIVED 

BY: 

UNIT 
PRICE 

AMOUNT 

$ NTE $2,349,3n 

Date 



... ~ 
National Aeronaullca and Space Admlnlslrlltlon I ORDER FOR SUPPLIES OR SERVICES Lyndon B. JohnlOn Spa .. Canler Page 10f 1 
Houllon, TX 77058. 

1. Order No. 2. Date of Order NOTE: MARK All PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB<IOB, DO e, Rev. 7 See Block 10 Bilow 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Ollicer, Building 421 
Houston, TX 77058-3696. NASA Johnson Space Center 
Org.lBuyer: BH2IMarv Thomas Houston, TX 77058-3696 

Mark For. Account.ble Property 

Tel No.: 2Bl-183-88211 Fax: 2Bl-4B3-~17~ Order No.: 1!l1!lJ~t:la<lOa, QQ!! Bill! Z 
E-mail: .~ ''''" 
5. Contractor: 6. Deliver On or Before: 11!28J05 to 8/1 OIOZ 

Oceaneerlng Space Systems F.O.B. Point: Destination 
Attn: Ronda Kautz 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BilLING ADDRESS: 

Phone: 281-228-5370 x Fax: 281-228-55045 NASA Johnson Space Center 
Attn: lF2311Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 92-26211227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, DO 8, Rev. 7 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is subject to 
Reference: __ instructions contained on this form and is Issued subject to the 

terms and conditions of contract number. __ 

9. Written acceptance of this order by contractor [0 ] is, [181] is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting ollicer. 

Name: (Person authorized to sign) 

Signature: ·-f/rhf .nP,..j lilA A~ Signature: Date: -- Date: cJ#j4J7 
CON" RACTI~ OFFICER 

11. Schedule l 

ITEM 
DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO. ORDERED PRICE ACCEPTED 

DO-CRAVE-EC..QOII, Trace Gas Analyzer (TGA) ! I 

Revision 1 to DO-CRA VE-EC-008 Is Issued to Increase the delivery order 1 value bv $35.000 from $2.314.377 to $2.349.377. The contractor will LOT • It 
.~ 

perform trade and analysis assessment to allow the TGA to power-on 
IVA. The delivery order completion date Is extended to 11110/07. 

RECAP: Cost ,1 
Fee 

Total $2,314,377 $35,000 $2,349,377 
THIS IS A CPFF DELIVERY ORDER. FUNDING IS AT THE 
CONTRACT LEVEL. THE CONTRACTOR IS NOT AUTHORIZED TO 
EXCEED THE DELIVERY ORDER VALUE. 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: lli8 0 COMPo 0 PART. PPC: --
RissueTo: EC2/Joe Gensler, x30025 For. EC~Rall!h Mara~, x39144 

$ NTE $2,349,377 

14. Quantities in 'Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1428 (Rev November 10, 2004) (MS Word AuguI11995) 

'. 



... 
NMionooI Aeronautics and Space Admlnlatratlon 

ORDER FOR SUPPLIES OR SERVICES Page 10f 1 Lyndon B. Johnson Spa .. Center 
HouaIon, TX 77051 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJOSHB<40B, DO 8, Rev. 6 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Ollicer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2!Mlrv Thom. Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No.: 281-"83-88211 Fax: Z!!!~17~ Order No.: t:!tM§HB.roII QQ a Be~ Ii 
E-mail: marv.f. nnv 

5. Contractor: 6. Deliver On or Before: 1112Ml510 9128/07 

Oceaneering Space Systems F.O.B. Point: Destination 
Attn: Ronda Kautz 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: 281-2211-5370 x Fax: 281-22!!-55.cs NASA Johnson Spece Center 
Attn: LF2311Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 92-202!!227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, DO 8, Rev. 6 

S. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the followinlf page, this delivery order is SUbject to 
Reference: __ instructions contained on thIS form and is issued subject to he 

terms and conditions of contract number. __ 

9. Written acceptance ofthis order by contractor (0 1 is, (~ 1 is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting ollicer. 

Name: (Person authorized to sign) 

Signature: ~awilJI~» IhA~.Date: 'ikJlo; Signature: Date: -- CONTRACTIN)J OFFICER ~ . I 
11. Schedule v 

I1CM 
DESCRIPTION 

QUANTIlY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO. ORDERED PRICE ACCEPTED 

DO-CRAVE-EC-OOII, Trace Gas Analyzer (TGA) 

1 Revillon 610 DO-CRA VE-EC-008 Is Issued 10 increase the delivery order LOT 0 1 vllue and extend Ihe delivery dlle for Ihe hardware. The dellverv order 
value Is Increased by ~,556 from $1,&49,112110 $2,314,377. The 
delivery date for the hlrdware Is being chlnged from 6/30107 10 9128107. 

RECAP: Cost '0'\ '0"\ vA Fee 
Total $1,&49,!!21 $464,556 $2,314,377 

THIS IS A CPFF DELIVERY ORDER. FUNDING IS AT THE 
CONTRACT LEVEL. THE CONTRACTOR IS NOT AUTHORIZED TO 
EXCEED THE DELIVERY ORDER VALUE. 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: tllA 0 COMPo 0 PART. PPC: --
RissueTo: EC2IJQe Gensler, x30025 For. EC~al!!h Mara~ ~9144 

$ NTE $2,314,377 

14. Quantities in 'Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative olle 
JSC Form 142. (Rev Novem ..... 10. 2(04) (MS Won! August 1995) 



NoIIoo.!......,..utlcs .ncI S"..,. Admlnilllnlllon 
ORDER FOR SUPPLIES OR SERVICES Page 10f 1 LJIIdon B. Jolt...,., sp_ Center 

......... TX 77051 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB<40B. DO 8. Rev. 5 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Omce: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Ofticer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org'/Buyer: BH2IMary Thorn" Houston, TX 77058-3696 

Mark For. Accountable Property 

Tef No.: 281-4113-11828 Fax: 2§1244-0995 Order No.: ~NJ05I:1B40B DQ D, BOY, !! 
E-mail: marv.f.1 n .... GOv . 

5. Contractor: 6. Deliver On or Before: See statement of Work 

Oceaneerlng Space Systems F.O.B. Point: Destination 
Attn: Ronda Kautz 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston. TX 77058 

7. BILLING ADDRESS: 

Phone:281-~70 x Fax: 281-228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 92-28211227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, DO 8, Rev. 5 

8. Type of Order: 

0 PURCHASE: Please furnish the follOwing in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions speCified on this order. Order listed on the following page, this delivery order is subject to 
Reference: __ Instructions contained on this form and is issued subject to the 

terms and conditions of contract number: __ 

9. Written acceptance of this order by contractor (0 I is, (~ I is not 10. Name: Robert Kolb 
required. Sign below if required and return to contracting omcer. 

Name: __ (Person authorized to sign) 

/?R~ Signature: Date: -- Signature: Date: $ . .1/.«e, 
I . CONTRACTING OFFICER 

11. Schedule 
rJEM 

DESCRIPTION 
QUAI>ITITY 

UNIT 
UNIT 

AMOUNT 
QUANmY 

NO. ORDERED PRICE ACCEPTED 

DO-CRAVE-EC-OOe, Trace Gas Anlilyzer (TGA) 

Revision 5 to DO-CRA VE-EC-OO!IIs lllsued to Increase the delivery order 
b"t . 

value bv $20.000 from $1.1129.1121 to $1.&49.1121. ThIs IncrellBe .uDPOlls 
the purchase of a new RF Detector Printed Circuit Board for the 
development TGA unit. 

RECAP: COllI b"\ \0'\ ~/'t 
Faa 

Total $1.829.821 $20,000 $1,&49.1121 
THIS IS A CPFF DELIVERY ORDER. FUNDING IS AT THE 
CONTRACT LEVEL. THE CONTRACTOR IS NOT AUTHORIZED TO 
EXCEED THE DELIVERY ORDER VALUE. 

"nT'" nn JU"'.'-ro .......... " .... 

12. For JSC Intemal Use Only: 13. Total 
Requisition No.: NlA 0 COMPo 0 PART. PPC: --
RissueTo: E~21Joe Gensler, x30025 For. EC2IRall1h Marak, x391~ 

$ NTE $1,849,821 

14. Quantities in 'Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Repr_ntative Date 
JSC Form 1"29 (Rev November 10, 2004) (MS Word August 1995) 



I'<IIIIIoMI AMonoIutIca III1d Spooc:. AdrrIInMIndIon 
ORDER FOR SUPPLIES OR SERVICES Page 10f 1 Lyndon II. JoIt_ S.,.. c.nter 

........... ,TX 77051 

1. Order No. 2. Date of Order NOTE: MARK AlL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HBofOB, DO 8, Rev." See Block 1 0 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-Ce 
3. Issuing Office: . 4. Ship To: 

NASA Johnson Spece Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMIry TbomtI Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No.: Zll-4113-882D Fax: 2l!l244-O9115 Order No.: fljNJ05I:!B<IOB DQ D, B~, ~ 
E-mail: -.~ f· ...... 
5, Contractor: 6. Deliver On or Before: SIt S1I!tmtnt of Wqk 

Oceaneering Space Systeml F.O.B. Point: DestInation 
Attn: Ronda Kautz 
16665 SPlIce Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BlUING ADDRESS: 

Phone: 281-228-5370 x Fax: 281-2211-5545 NASA Johnson Spece Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77056-3696 

TIN: 22-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, DO 8, Rev ... 

II. Type of Order. 

0 PURCHASE: Please furnish the fO"ov:p, in 0 DELIVERY: Except forthe Terml and Conditions of Purchase 
accordance with the conditions specill on this order. Order listed on the following page, this delivery order is SUbJect to 
Reference:_ instructions contained on thil form and is issued subject to he 

terms and conditions of contract number. __ 

D. Written acceptance of this order by contractor 11811 ii, 10 1 is not 10. Name: Robert Kolb 
required. Sign below If required and return to contracting officer. 

Name: ~toSign) 

Signature: ?£I-M Date: e·.JO.'" Signature: Date: q -I...o(p 
CONTRACTING OFFICER 

11. Schedule 
ITEM DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO. - ORDERED PRICE ACCEPTED 

DO-CRAVE-EC-Q08, Trace G_ AnaIyzIIr 
(Nan-oblkmlna DocLmellt) 
Revlalon .. to DO-CRA VE-EC-OOa lillaued to Inc:n!ae the delivery order 

VI wille by $20,000 from $1.8011,(121 to $1,11251.821. ThIiIlncr_ .. 1IPOIts 
procuring the ..-flea of the original TGA IOftwIIra designer to .... In 
the troubee.hooUng and documentation of the TGA soIlw8re cod •. 

RECAP: Coet b1 Fee 
TotIIl $1,809,821 $20,000 $1,829,1121 

THIS IS A CPFF DEUVERY ORDER. FUNDING IS AT THE 
CONTRACT LEVEl. THE CONTRACTOR IS NOT AUTHORIZED TO 
EXCEED THE DEUVERY ORDER VALUE. 

12. For JSC Intemal Use Only: 13. Total 
Requisition No.: ~ o COMPo o PART. PPC: --
RissueTo: !;C2,!Joe Gensler, lQQQ25 

$ NTE $1,829,1121 

14. QuantitiM in 'Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government RepreserUtlve Date 
JSC Fonn 14211 (Rev November 10, 2004) (MS Word AuguoIll1115) 
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NNJOSHB40B 
DOS,Rev.3 

Pagc2 of2 

CREW, ROBOTICS AND VEIDCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER H: CRA VE·EC·OO8 

Ddiveflble!lProducts: 

Hardware 

MockUp 

Prototype 

Certification 

Flight 

Training 

Other 

Test 

Software 

Other Products 

Reconfigured Development unit (pIN 
SEG 39135052·301, SIN 1(01) to 
Hi-Fi flight configuration 

Utilize Flight item for certification 

TGA wI new pumping 
display, and 

Utilize Prototype unit 

Software/firmware associated with 
TGAand 

1 11/30106 

1 6/30107 

11/30/06 

I SCBEpULE 
Start Date: Dec. I, 2005 Finish Date: March 30, 2007 

Combined SRRlPDRlCDR l11JO/06 

Certification Complete 

DeHver Hardware 

ill 

I 

• Milestones, along with subjective measurements, are to be used for "easuring performance. 
For schedule detail see Microsoft Project file loc.ted on the eRA VE web site for this DO 
listed under the Government Cost Estimate below. 

Pagc4of9 



~ 
........ ~.nd S.-.Adminllbwllon 

ORDER FOR SUPPLIES OR SERVICES Page 10f 1 
L~ IS. JohMOnSpceCentw 
HauIIan, TX 77061 
1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. NNJ0!5HB<IOIS, DO 8, Rev. 2 See Block 10 Below 

Certilled for National Defense under DPAS (15 CFR 700) OO-C9 3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Otlicer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
OrgJeuyer. BH2IMI!y Thorn. Hou~on,TX 770~96 

Mark For. Accounblble Property 
Tel No.: 201-48H820 Fax: 20121+0995 Order No.: NH~!li1:!84OB, tlQ §, BIrl, 2 E-mail: m.rv.f,l , "nu 
5. Contractor. 

6. Deliver On or Before: See S1ttem1lDl of Wqk Oceaneering Spice Sy~ems 
Attn: Robert L. Mueller F.O.B. Point: Destination 16665 Space Center Blvd 
Hou~on, TX 77058 Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
Phone: 201-228-5370 x Fax: 201-220-55<15 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Hou~on, TX 77058-3696 TIN: 92-2028227 CAGE CODE: 2F2f12 Order No.: NNJOSHB40B, DO 8, Rev. 2 

8. Type of Order: 
0 PURCHASE: Please furnish the followi~ in 0 DELIVERY: Except for the Terms and Conditions of Purchase accordance with the conditions specifi on this order. Order Ii~ed on the foIlowin{! page, this delivery order is SUbject to Reference:_ in~ructions contained on tillS form and is issued subject to he terms a.nd conditions of contract number. __ 

9. Written acceptance of this order by contractor [0 ] Is, [~ ] is not 10. Name: Craig Burridae required. Sign below if required and return to contracting otlicer. 
Name: __ (Person authorized to sign) '/Yiy Date~ Signature: Date:_ Signature: ~TRACTING OFFICER 

11. Schedule 
ITEM 

DESCRIPTION QUANTITY 
UMT UNrr 

AMOUNT QUANTITY NO. 
ORDERED PRICE ACCEf'lSI 

DO-CRAVE-EC-OOfI, Trace G .. An.tyzer 
Revision 2 to DO-CRA VE-EC-008 Is illsued to Increase the dellve/y order vllue bv $15.000 from $1.794.821 to $1.1109.821. ThIa I~ suDPOl1s the purchue of additional cablell and connectors for a second buNd of the TGA In 2006 and provld_ addMlonal spvee for the hardware currenUy being built. 

RECAP: Colt 
VJt Fee 

Total $1,794,821 $15,000 $1,1109,821 
THIS IS A CPFF DELIVERY ORDER. FUNDING IS AT THE CONTRACT LEVEL. THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE DELIVERY ORDER VALUE. 

12. For JSC Internal Use Only: 
13. Total Requisition No.: N/A 0 COMPo 0 PART. PPC: __ 

RissueTo: EC2IJoe G~nsler, x30025 $ 
14. Quantit/ea in "Quantity Accepted" Column Have Been 

0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: OTHERWISE NOTED. 

Authorized U.S. Government Representative Date JSC Fonn 1428 (Rev Nov .... ber 10, 2004) (MS Word August 1l1li5) 



National Aeronautics and Space Administration 
Lyndon B. Johnson Space Center 
Houston, TX 77058 

- ORDER FOR SUPPLIES OR SERVICES Page 10f 1 
(DO Attached) 1. Order No. 

DO-CRAVE-EC-008 ~I/ \ 
2. Date of Order 
See Block 10 NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 3. Issuing Office: 
NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH4/Mike Ballard 

Tel No.: 281-244-5350 Fax: 
E-mail: michael.d.ballard®nasa.aov 
5, Contractor: 
Oceaneering Space Systems 
16665 Space Center Blvd. 
Houston, TX 77058 

Phone: (281) 228-5370 x 

TIN: 95-2628227 

S. Type of Order: 

Fax: (281) 228-5545 

CAGE CODE: 

4. Ship To: 
Transportation Officer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Accountable Property 

Order No.: DO-CRAVE-EC-008 

6. Deliver On or Before: See Statement of Work 

F.O.B. Point: Destination 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: DO-CRAVE-EC-OOS 

o PURCHASE: Please furnish the following in 
accordance with the cOnditions specified on this order. 
Reference: __ 

DELIVERY: Except for the Terms and Conditions of Purchase Order listed on the following page, this delivery order is subject to instructions contained on this form and is issued subject to the terms and conditions of contract number: NNJ05HB40B 

9. Written acceptance of this order by contractor [[gil is, CO 1 is not 
required. SJ elor~f L.~~uir K ~~ to contracting officer. 
Name: ~~Jn a Iii z~ ~ sign) 

SignaIUr~::'J7':! , • .h '.I ""-Date: # V 

10. Name: J. R. Carpentier 

~ Signature: , ~ER / .• 2."( 
Date: __ -<I" 

11. Schedule 
ITEM 
NO. DESCRIPTION 

The Contractor shall perform and deliver to all requirements for: 

DO-CRAVE-EC-008: ''Trace Gas Analyze~' as revised 

This is revision 1 to the delivery order. The purpose of this revision is to: 
1. Incorporate changes to the Statement of Work to capture aspects of ihe proposal. (changes are vertically bar-marked) 
2. Extend the period of performance from 6/2007 to 9/2007. 

Delivery Order value remains unchanged: 
Cost: ~ 
Fee: 

Total: $1,794,821 

12. For JSC Internal Use Only: 
Requisition No.: __ 0 COMPo 
Rissue To: __ 

14. Quantities in "Quantity Accepted" Column Have Been o INSPECTED 0 ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

BY: 

QUANTITY 
ORDERED 

o PART. 

UNIT 
UNIT 

PRICE 

PPC: __ 

Authorized U.S. Government Representative JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 

AMOUNT 

13. Total 

QUANTITY 
ACCEPTED 

$ 1,794,821 

Date 



(~ ~ National Aeronautics and Space Administration ~ 
Lyndon B. Johnson Space Center ORDER FOR SUPPLIES OR SERVICES Page! of 1 Houston, TX 77058 

(DO Attached) 1. Order No, 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. DO-CRA VE-EC-008 See Block 10 
Certified for National Defense under DPAS (15 CFR 700) DO-C9 3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMlchael Ballard Houston, TX 77058-3696 

Mark For: Accountable Property 
Tel No.: 281-244-5350 Fax: __ Order No.: DO-CRAVE-EC-008 E-mail: mJchael.d.baliardl1ilnasa.cov 
5. Contractor: 

6. Deliver On or Before: See Biock 11 Oceaneering Space Systems 
16665 Space Center Blvd. F.O.B. Point: Destination Houston, TX 77058 
Attn: Contracts Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
Phone: 281-228-5371 x Fax: 281-228-5545 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 TIN: 95-2628227 CAGE CODE: 2F262 Order No.: DO-CRAVE-EC-008 

8. Type of Order: 
0 PURCHASE: Please furnish the following in jgj DELIVERY: Except for the Terms and Conditions of Purchase accordance with the conditions speCified on this order. Order listed on the following page, this delivery order is subject to Reference: __ instructions contained on this form and is issued subject to the terms and conditions of contract number: NNJ05HB40B 

9. Written acceptance of this order by contractor ~ J is, !D J Is not 10. Name: N. L. Dawn Alexander required. Sign below if required and return to contracting officer. 
Name: Ronda Kautz (Person authorized to sign) 

~">-~. Date:--L4~r) Signature: li'tIt-t,Dn. -{~ J-~ Date: Noyember 21, 2005 Signature: , 
v CONTRACTING OFFICER 

11. Schedule 
ITEM 

DESCRIPTION QUANTITY UNIT UNIT 
AMOUNT QUANTITY NO. ORDERED PRICE ACCEPTED The Contractor shall perfonn and deliver to all requirements for: 

DO-CRA VE-EC-OOB: Trace Gas Analyzer ..,,,, tl't b~ !'1t 
The Period of Perfonnance for this DO Is: 1212005 through 06/2007 

12. For JSC Internal Use Only: 
13. Total Requisition No.: __ 0 COMPo 0 PART. PPC: --

RissueTo: $ NTE: $1,794,821 --
14. Quantities in "Quantity Accepted" Column Have Been 

0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date JSC Form 1429 (Rev November 10, 20004) (MS Word August 1995) 



~ ..... ""-
National Aeronautics and Space Administration r ORDER FOR SUPPLIES OR ~RVICES Lyndon B. Johnson Space Center Page lof 1 
Houston, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
DO-CRAVE-EC5-001 Rev. 2 See Block 10 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 

Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH4/Michaei Ballard Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 2!!1-244-5350 Fax: -- Order No.: DO-CRAVE-EC:!-OOl B!!v. 2 
E-mail: michael.d.ballard®nasa.cov , 

5. Contractor: 
Oceaneering Space Systems (OSS) 

6. Deliver On or Before: See Block 11 

16665 Space Center Blvd. F.O.B. Point: Destination 
Houston, TX 77058 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 

Phone: 281-228-5370 x Fax: 281-228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: DO-CRAVE-EC5-001 Rev. 2 

8. Type of Order: 

0 PURCHASE: Please furnish the following in ~ DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is subject to 
Reference: __ instructions contained on this form and is issued subject to the 

terms and conditions of contract number: NNJ05HB40B 

9. Written acceptance of this order by contractor [1:81] is, [0 ] is not 10. Name: J.R. Carpentier 
",,";md. Soo "'~ E",m, ,00' relum to 00","",0' ofll,.,. 

Signature: ~~ ...... 
N~me: R~~ ~ (~! (Pe~son authorized to sign) 

Date: 3-2.~ Signature: ' !--3 Date~6-0" 
--- CON OFFICER 

11. Schedule 
, 

ITEM 
DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO. ORDERED PRICE ACCEPTED 

1 The contracior shall perform and deliver all requirements for: 

DO-CRA VE-EC5-001: Portable Life Support Subsystem Schematic 
(PLSS1. 
This is revision 2 to this delivery order. The purpose of this revision is to: 

1. Extend the period of performance for this DO throuch 4/12/06 

2. Increase Delivery Order Value f~~;.., S,~e1.6:3 !:>y ;1/:;,406 t·, $498,079. 

Cost Fee Total 
Previous DO value: 

~\<\' vI ~A This ReviSion 
Total $453,427 $ .... ,652 $498,079 

All other terms and conditions remain unchanged. 

12. For JSC Internal Use Only: 13. Total 

Requisition No.: N/A 0 COMPo 0 PART. PPC: --
Rissue To: Gretchen Thomas/EC 

$ 498,079 

14. Quantities in "Quantity Accepted" Column Have Been 

0 INSPECTED 0 ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1~29 (Rev November la, 2004) (MS Word August 1995) 



NoUon", Alronoutica and SpllCO Admlnlstrotion 
ORDER FOR SUPPLIES OR SERVICES Page 10f 2 Lyndon II. Johnson Splice Clnter 

HOUlton, TX 77051 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
DO-CRilVE-EC5-001 Rev. 1 See Block 10 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Offlce: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Offlcer, Building 421 
Houlton, TX 77058-3696 NASA Johnson Space Center 
Org./Buyer: BH2!Mlchael B.U.rd Houston, TX 770511-3696 

Mark For: Accountlble Property 

Tel No.: 2111-~§a50 Fax: -- Order No.: QQ:Q~~~Q!l::!l.!Il B~v, 1 
E-mail: mlch.el.d.ballordlBlnau.oDv 
5. Contractor: 6. Deliver On or Before: See Block 11 
Oceaneerlng Space Systems (OSS) 
16665 Space Center Blvd. F.O.B. Point: Destination 
Houston, TX 77056 

Discount Terml: Net 30 Days. 

7. BILLING ADDRESS: 

Phone: 281-228-5370 x Fax: 281-228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: Order No.: DO-CRAVE-EC5-001 Rev. 1 

8. Type of Order: 
0 PURCHASE: Please fumlsh the following In IZI DELIVERY: Except for the Terms and Conditions of Purchase 

accordance with the conditions specified on this order. Order listed on the followln~ page, thi, delivery order Is IUblect to 
Reference: __ Instructions contained on th s form and II Issued see/ect to he 

terms and conditions of contract number: NNJQ5t:! !Iii! 

9. Written acceptance of this order by contractor (181 ] Is, (0 ] Is not 10. Name: N.L. Dawn A1exender 
required. Sign below if required and retum to contracting officer. 

Name: ~rla..: ~u:h ... (Person authorized to sign) D~(la~.J#~7. {; Signature: ~&fJJ.. lLa & ~ Date:~0'5 Signature: 
CONTRACTING OFFICER ., 

11. Schedule 
ITEM 

DESCRIPTION 
QUANTllY 

UNIT 
UNIT 

AMOUNT 
QUANTITY 

NO. ORDERED PRICE ACCEPTEO 

1 The contractor shall perform and deliver all requirements for. 
DC>-CRilVE-EC5-001: Portable Life Support Subsystem Schematic 
(PLSS). 
Thills revision 1 to this deUvelY order. The purpose of this revision Is to: 

1. Extend the period of performance for this DO through 2120/06 

2. Modify the SCNV. Changes Ire vertically bar-marked and a 
repl.cement page Is attached. 

3. Increase DallvelY Order Value from ~'1:l!f.i.~ b),' $;;~,.35-4 to $481,673. 

All other terms Ind conditions remain unchanged. 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: t!lA 0 COMPo 0 PART. PPC: --
RlssueTo: !:2rmchen Ib!!!!!§IlEC 

$ 481,673 

14. Quantities In "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Govamment Representative Dlte 
JSC Form 1428 (Rlv November 10, 200(4) (MS Word AugUR lG115) 



••• ·ww· 
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ORDER FOR SUPPLIES OR SERVICES 
2 .. 0. 01 Order ' 
03/3MI& 

NOTE: MARK ALL PACt<AGES AND PAPERS WrrH 0RceR NO. 

Fax:. 2!t-24+f331 
I,a...; 

8. T)IIeof'omef: , :','.. ' . . , 

0. PURCHASE:, ~~thtt~In' , 
: ' " 8I:OOI1IMcII wIIfI "'~'~ M Ihia'orcfw. R_ .... " . " . 

!Ie_ 
" , 

•• SNpY~ . 
Tra~ 0lIIaIr. BuiIcIne 421 
NASAJobMon ep.c. c.nw 
HouttIIn. TX ~ 
Mark Fer: Aa=ountabfe I'rDpMtJ 

QfW No.: QO-GBAye.ECi!.o!n 

'" ~QrJ9r"':1R174 

F.Q.a. PaIr£ J;lMItIlllgn 

DIeeoUrIt TeM'It: Nil 30 Days. 

~: 

1'1. 80hedUIe 

1 

1'heCanndlDrIhiili ~ .' .... ID' .. III!IIIJIr- f9r. 
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N.llonal .... ron.ullcs .nd Space Admlnlolratlon 
Lyndon B. Johnson Space Center I ORDER FOR SUPPLIES OR SERVICES Page lof 1 
Houaton, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
CRAVE 0033, Rev. 2 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building ~21 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMarv Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281-483-8828 Fax: Z~1-2#0995 Order No.: ,"BAVJ; Q033 Be~. 2 
E-mail: Maru f ,nnv 

5. Contractor: 6. Deliver On or Before: 10/1/08 - 3/28/09 
Oceaneering Space Systems 
16665 Space Center Blvd. F.O.B. Point: Destination 
Houston, TX 77058 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 

Phone: 281-228-5371 x Fax: 281-228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2828227 CAGE CODE: 2F282 Order No.: CRAVE D033, Rev. 2 

8. Type of Order: 

0 PURCHASE: Please fumish the fOIlOwl~ in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specifte on this order. Order listed on the following page, this delivery order is subject to 
Reference: __ instructions contained on this form and is issued subject to the 

terms and conditions of contract number: __ 

9. Written acceptance of this order by contractor [0 J is, [181 J is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting otlicer. 

Name: __ (Person authorized to sign) 

Signature: ~O?IflOrJ ~J A A~ Date: Nl/O Signature: Date: -- CON RAC IN( OFFICER 
11. Schedule 

ITEM 
DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO. ORDE;RED PRICE ACCEPTEOD 

SUBLIMATOR DRIVEN COLDPLATE (SOC) 

1 Revision 2 to DO 33 Is Issued to exercise Phase II of the DO. The Lot tdf contractor shall perform and del/ver to the fabrication of ail hardware liS 

stated in the Statement of Work. 

RECAP OF DO VALUE: Prior This Cum 
VAh,A ' Action Value 

COST hf FEE 
TOTAL $92,997 $120,089 $212,096 

THIS IS A CPFF DELIVERY ORDER 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: !':YA 181 COMPo 0 PART. PPC: -- $ NTE 212,096 
Rissue To: EQ/Joe Gensler, x30025 

14. Quantities in "Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1429 (Rev November 10, 2004) (MS Word Augusll995) 
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NII\IcJMI MrontIub and Space Admlnlatrallon 

I 
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Lyndon S. Johnaon Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 2 
Houlton, TX 77061 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
CRAVE D033R1 See Block 10 Below 

Certifted for National Defense under DPAS (15 CFR 700) oo-cg 

3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
OrgJBuyer: BH2!Mm Thorn. Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 2&1-4QM20 Fax: 2Dl~l~ Order No.: !<BAllE D~Bl 
E-mail: ~~f ftftV 

5. Contractor: 6. Deliver On or Before: Set Block 11 Below 
Oceaneering Space Systems 
16665 Space Center Blvd. 
Houston, TX 77058 

F.O.B. Point: Destination 

Discount Tenns: Net 30 Days. 

7. BILLING ADDRESS: 

Phone: 2111-228-5371 x Fax: 2111-2211-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: g&.2628227 CAGE CODE: 2F262 Order No.: CRAVE 0033R1 
. 

8. Type of Order: 
0 PURCHASE: Please furnish the following in 0 DELIveRY: Except for the Tenns and Conditions of Purchase 

accordance with the conditions specifted on this order. Order listed on the following page, this delivery order Is SUbject to 
Reference:_ instructions contained on this fonn and is issued subject to he 

tenns and conditions of contract number: _ 

IJ. Written acceptance ofthia order by contractor [0 ] ia, [1&1 ] is not 10. Name: BOllald John§21l 
required. Sign below If required and return to contracting officer. S;_ (l ~ ..fl{J) •... """lidO? Name: _ (Person authorized to sign) 

Signature: Date: -- CONTRACTI"ftOFFICER ...-
11. Schedule 

IlEM DESCRIPTION 
QUANTITY 

UNIT 
UNIT QUANTITY 

NO. ORDERED PRICE 
AMOUNT ACCEPTED 

SUBLIMATOR DRIVEN COLDPLATE (SOC) 

. 1 Th. nD-COllt revt.lon Ia IlIIIUed to extend the period of perform.nee for the 
bas 10 Janulrv 21 . 2008. All other lerms .nd condlHoni of the baH 
remlln unehlnged. 

Period of Performlnee: 9111107 - 1121/08 

~ 
2 OPTION: Lol 

The Government mlY require the cDntrlClor 10 conllnue 10 perform 
servlc .. under Ihla delivery order. The Contracting 0IIIcer mlY 
'unUllerally exercIM the Option by issuing Revillon 1 10 DO 33. The 
government reserv .. the rlghl nollo exerelH Ihe Option. 

(continued next page) 

12. For JSC Inlemal Uae Only: ., 13. Total 
Requisition No.: NlA 1&1 COMPo 0 PART. PPC:_ $92,007 
RisaueTo: EC/~Qe G!n!!ler, lQOQ25 ! 

14. Quantities in 'Quantity Accepted' Column Have Been • 0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representallve Dale 
JSC Form 14211 (Rev November 10, 2004) (MS Word AugUllll1!15) 
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l.t~:. FOR SUPPLIES OR <8 ..... 'fli{ I' Order No.: CRAVE QQ33!f1 PAGE2of2 (CONTINUATION SHEEn 

SCHEDULE 
ItEM _~'W ,~. """,,,'II' UNIT =-E AMOUNT 

Should the Option be exercised, the delivery order revlalon will be priced .. 
negotieted under the baM delivery order. 

OPTION Period of Performance: 1/1<11011 -7I1.w8 

-

;. 
; 

i~ 

J"" Fonn ~2111 10, 20(4)(.-' -, 



· r Nal/OIUII A.ronautlos and Space Administration ' I Lyndon B. Johnson Sp" .. Center ORDER FOR SUPPLIES OR SERVICES Page 10f 12 Hou.ton, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. CRAVE ·EC'()33 See Block 10 Below 
Certified for National Defense under DPAS (15 CFR 700) DO-C9 3. Issuing Office: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation 01licer, Building 421 Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMary Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 
Tel No.: :;:!!1-<t83-!!IJ~ Fax: 28j-483-417a Order No.: CRAV!;-EC'()33 
E-mail: .~ f+h"m "". 
5. Contractor: 
Oceaneering Space Systems 6. Deliver On or Before: See Block 11 Below 
16665 Space Center Blvd. F.O.B. Point: Destination Houston, TX 77058 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
Phone: 281-228-5371 x Fax: 281-228-5545 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 TIN: 95-2628227 CAGE CODE: 2F262 Order No.: CRAVE-EC-033 

8. Type of Order: 

0 PURCHASE: Please furnish the fOIlOwi~ in 0 DELIVERY: Except for the Terms and Conditions of Purchase accordance with the conditions specifi on this order. Order listed on the following page, this delivery order is subject to Reference: __ instructions contained on this form and is issued subject to the terms and conditions of contract number: --
9. Written acceptance of this order by contractor [0 ] is, [121] is not 10. Name: Ronald Johnson required. Sign below if required and return to contracting 01licer. 

s._~.4'«n.na aL "" .. Jhh; 
Name: __ (Person authorized to Sign) 

Signature: Date: --
C_~NTRACTINj OFFICER" 

11. Schedule 
ITEM 

DESCRIPTION QUANTITY 
UNIT UNIT 

AMOUNT QUANTITY NO. 
ORDERED PRICE ACCEPTED 

SUBLIMATOR DRIVEN COLDPLATE (SOC) 
1 The contractor shall perform and deliver to all base reqUirements of Lot CRAVE-EC-033 as described in the altached Statement of Work. 

Period of Performance: 9111107 - 12118/07 ~~ 
2 OPTION: Lot 

The Government may require the contractor to continue to perform services under this delivery order. The Contracting Officer may unilaterally exercise the Option by issuing ReVision 1 to DO 33. The government reserves the right not to exercise the Option. 

(continued next page) 
12. For JSC Internal Use Only: 

13. Total Requisition No.: N/A 121 COMPo 0 PART. PPC: -- $92,007 Rissue To: EC/Joe Gensler, x30025 
14. Quantities in "Quantity Accepted" Column Have Been 

0 INSPECTED o ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: OTHERWISE NOTED. 

Authorized U.S. Government Representative Date JSC Form 1429 (Rev November 10, 200(4) (MS WOld August 1995) 



Order No.: CRAYE DO 33 FOR SUPPLIES OR 
(CONTINUATION SHEET) 

SCHEDULE 

Should the Option be exercised, the delivery order revision will be priced as 
negotiated under the base delivery order. 

OPTION Period of Performance: 1/14108 -7114108 

PAGE 2 of 12 
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- .. CREW, ROBOTICS AND VEHICLE EQUIPMENT (C~) CONTRACT 

DELIVERY ORDER II: CRA VE·EC·033 Sublimator Driven Coldplate 

PROPOSAL INSTRUCTIONS: DRAFT -COMMENTS DUE BY: 07/16/07 COB 
-L, FINAL -PROPOSAL DUE BY: 08/01/07 COB 

DO TITLE: Sublimator Driven Coldplate 

DO Type: -X.. CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: David Westheimer 

DO Manager: Ryan Stephan IEC 

DO Mgr. Alternate: 

Concurrences: 

Phone: (281) 483-2804 

Phone: (281) 483-7182 

Phone: 

Ryan Stephan 
DO Manager 

Chin H. Lin Joe Gensler 
COTR 

David Westheimer 
Division TMR 

DO Mgr. Management 

Ronald Johnson 
Contract Officer 

Task Contains Flight Hardware, Flight Software or GSE? _Yes -L,No 

Program Supported: _Shuttle _ISS _EVA -L,Advanced.{Thermal (Lunar 
Ascent Vehicle)} 

WBS: 1.0 EVA 2.0FCE 3.0EVR ECLSS -L 5.0 ATCS 6.0 
CReCS 

For purposes of complying with FAR 52.232-22, Limitation of Funds, the total amount allotted by the 
Government to contract is specified in clause B.6, Contract Funding. The fonding listed in B.6 is the 
amount allotted/or all Delivery Orders on the contract combined. 

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict 
between the contract and this Delivery Order. the contract shall prevail. 

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown 
above and in the contract within Section C. Table 1. 



...... e e 
CREW, ROBOTICS AND VEHICLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER ##: CRA VE-EC-033 Sublimator Driven Coldplate 

Narrative Task Description 

Background / Problem Description: 

NASA JSC has begun several architecture studies for the upcoming lunar lander and lunar 
outpost. In performing these assessments. they discovered an innovative way to perform 
thermal control. The idea for this unique piece of hardware is being referred to as the 
sublimator driven coldplate (SOC). The SOC is a novel thermal control technique and has 
several advantages over a traditional thermal control scheme. The principal advantage is the 
possible elimination of a pumped fluid loop. potentially saving mass, power, and complexity. 
Because this concept relies on evaporative heat rejection techniques, it is primarily useful for 
short mission durations. Additionally, the concept relies on a conductive path between the 
heat-generating component and the heat rejection device. Therefore, it is mostly a relevant 
solution to for a vehicle with a relatively low heat rejection requirement. 

The design of the sublimator driven coldplate will meet the following requirements: 
1. The SOC design shall not require any power during nominal operation. 
2. The SOC shall be capable of rejecting a minimum of2.5 kW for a minimum period of 

6.5 hours. 
3. The SOC shall not exceed a surface area of 4500 in2 and the maximum dimensional 

extents shall not exceed 98 inches. 
4. The SOC maximum surface temperature shall not exceed 43°C during operation 

assuming that the 2.5 kW is uniformly distributed on the 4500 in2 available surface 
area. 

5. The design of the SOC shall require only a single penetration in the vehicle pressure 
shell. 

6. The SOC shall be capable of withstanding a load of5.0 g's with 133 kg of avionics 
mounted on the unit. 

7. The SOC shall use de-ionized water as the sublimator working fluid. 
The current statement of work will be subdivided into two separate phases. The first phase 
will require the contractor to design and perform thermal and Structural analysis for the SOC 
and also present the results at a conceptual design review. The proposed SOC concepts will 
be evaluated at the conclusion of phase 1. 

Phase I Task Description: 
As mentioned above, this task will be separated into two phases. All of the requirements 
stated in the previous section will be applicable to both phases of this 00. 
The first phase will essentially consist of the work necessary to create a SOC design which 
could be easily fabricated. The first phase will conclude wit4 a conceptual design review that 
will be attended by both the selected contractor as well as the government representatives. 
The first phase will include the following tasks: 

1. Oevelopment of a sublimator driven coldplate design. 
2. Thermal analysis of the chosen SOC design. 

2 



CREW, RO.£t'ICS AND VEHICLE EQUIPMENT (CC VE) CONTRACT 
DELIVERY ORDER #f.: CRA VE-EC-033 Sublimator Driven Coldplate 

3. Structural analysis of the chosen SDC design. 
4. Drawing package for SDC design in Pro-Engineer format. 
5. Presentation of the results at a design review, which will be attended by the 

government. The expectations of the design review package is that it will include the following; 
a. A Pro-Engineer drawing package of sufficient detail that the SDC could be 

fabricated. 
b. A review and summary for all of the concepts that were evaluated during the 

development of the preferred SOC design. 
c. The structural and thermal analysis for the final SDC design. 
d. Recommendations for future SDC trade studies. 

Phase I DeliverableslProducts: 

Product Description Qty Due Class 
Other Products 

Phase 1: Drawings for SDC in 
Drawing Package Pro-E format 

Phase 1: Structural and Thermal 
Analysis report in MS Office 

Analysis Report editable fonnat 

Phase I: Conceptual Design 
Presentation Review package 

SCHEDULE - Phase I {Basic Period) 

S D II S b 2007 tart ate: ,cllit'm cr F· • b D lOIS ate: I 8D eet'llI )t~r 2007 

INTERIM MILESTONES DUE DATES 
Phase lIInitiaI Contract 

SDC Conceptual Design Review 18 December 2007 
Milestones, along with subjective measurements, are to be used for measuring performance. For schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed under tbe Government Cost Estimate below. 

Government Estimate Located in RFO File in Microsoft Project File On CRAVE Web Site The file is titled: 2007-06-19 _SOC-Project-Plan-Pbase1.mpp 

Total Government Estimate for this DO: $ 211.862. 
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TOTAL COST FSTI.\IATE FOI~ THIS 00: ~ 

FEE: ~ (If .. \pplkable) 

01''1"10'< 1: N/A 

OI'TIO'< 2: ~/!' 

"nIl'S: I. GI'('~ Stalt:d HUll s'\t'cd '\0 AdditiollallRt'([uiJ'('(j Fill-illS. 
2. On ullnthl'r rows. It Nl'C,('Ssan. ',11 In . ( Ihtll)lla , ,(,nits k ',"cncs In ast II limn. F' . <\ I . . I l II I' . Ie, 

DATA 
REQUIRED 

TYPE 
DRDTITLE DUE FREQUENCY FOR DO'! COMMENTS 

YIN 

Written FlightOFE Configuration With Proposal Oncc Att;Ichmcnt 
Appro\'al Management Plan .J-8 

MandatOl) Regular SHUns Report! 
Thirty (30) days 
following Monthl) Y 

Subllliltal Sllllllllary RCl'ic\\' 
contract start 

Writtcn Project Technical 
IrRcquircd for 

Once \Iith 
DO Scc N 

Approval Rcquirements Specilication Comments 
Rc, isions 

MandatOl") OFF SYS1ClliS Requircments 
If Required for 

Onc<: wilh 
Sllblllittal DO Sec N 

if Fit H/W 
Data Package CO!1lmcllls 

RC\'isions 
-' --_._--

Written 
Flight GFE Projects If Required for 

Once with 
Approval 

Requi,'clTlcnts & Verification DO Sec Rel'isions N 
DoculIlent Comlllents 

Mandatol) 
Prciilllinar) Design RCl'ie\l 

If Rcquircd /()r 
Once "ith Submittal DO Sec N 

ifFH HiW 
Data Pacbge 

Comments 
RCl'isions 

Written Fl iglit GFE Workmanship 
If Required I(lr 

Oncc II ilh DO See '\ 
Appro'al Specifications List 

COll1l1lents 
Rc\ isions 

Once II (R';l'isions 

\VrillcH 
PDR or I ()'lI" tdue \\/))0 

ApprOlal Project Schedule effort complete proposal. updates \ 
MilcslOnc & details prol'idcd 

as DO progresses) 

Written FI ight GFE InterfiKe Control 
If Required for 

Once \lith 
DO Sec "\ Appro\ :II DOClIllIcnt 
C Olllll1CI115 

Rei isiol1s 

\Vritten 
If Required for 

Once II ith 
ApprOl al 

GFE End Item Specllkatioll DO SCi.! R.;\ is ions '\ 
ComJllents 

f'.land,lInrl 
Fhghl (iFF Failtlrc '\lIal\ sis 

If Required I()l 
SnillllittaJ 

Reporl 
DO See /\, Required " irFIl 11\\ f'ot(JJ1lcnts ·· .• ·_.A_"·_·_ ~. , __ , .. . _".~"~.~·o·~~ ___ ...... "_'_· .. ~.~.,.~." .. "." ... ~. .. ~~ •• ,·.n~ .... __ ¥," ....... ~ ___ ~,"~ •••• ~. .. ~~._.~ .. _~>_ ..... _, ... ,,", ..... ,.c· __ ••• ~~ .•• ""'-"'=.'-"~"~.~-",'''''''"''''' "w •• _.~.~" ..... _~._ ••. " '~'-"-«'-" • 
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DRD DATA 
REQUIRED 

H TYPE 
DRDTITLE DUE FREQUENCY FORDO? COMMENTS 

YIN 

12 
Wrilten Flight GFE Verification and As Specificd in Once with 

N 
Approval Validation Plan EA-023 Rcyisions 

Written GFE Software Requirements 
If Required for 

Oncc with 
I3 DOScc N 

ApproYaI Spccification 
Comments 

Reyisions 

Wrilten GFE Soft \\lIre De\elopment 
If Rcquired for 

Once with 
14 DO See 'II Approval Plan 

Comlllents 
Revisions 

Wrilten GFE Softmlre Design 
I f Required for 

15 DO See As Required N 
Appro\al Document Comments 

Wriltcn 
If Required for Once \\ith J(, 

Appronll 
Engineering Drawings DO Sec Revisions \: PRO-E Format 

Comments 

Written EEE Parts Lists and Analysis 
If Requircd for 

17 Approval Report 
DO Sec As Rcquircd N 
Conunents 

Mandatol) 
Critical Design Relic\\' Data 

If Required for 
Once with 

18 Submillal DOSce N 
if Fit HlW Package COll\lI\ents 

Rc\isions 
. 

Mandatory 
Engincering D»Iwing Changc 

If Required for 
1<) Submillal DOSce As Rcquired 1'\ 

if FIt H/W Proposal Commcnt 5 

Written GFE Qualification Test If Rcquired for 
Once \\ ilh 

20 DO See N Appro\'al Procedurc 
Conuncnls 

Revisions 

Wrilten 
If Rcquired for 

Ollce \Iith 
21 Appro\al 

Flighl Produci Uscr's Guide DO Sec Rcyisions 
N 

COllllllcnts 

Malldalor~ If Required for 
n Sublllillal Soft" arc Code DO Sec As Required "i 

if Fit H/W COlllments 

CH)) days after AUarhmcnt 

Wrillcn 
Information Tcchnologl (IT) nu an ;11"(1. and J-" 

23 i\ppr{l\ al Scenrit~ Program PI:1II and a" specified ill 
jPG28111.1 Duc J() IliI,1 S 

Reports 
JPG )X 10.' aft('" no 

an al'd 

W rillen If Required for Ollce \I ilh 
2~ 

'\pprO\ al C('r1ificalion Plan 1)0 Sec 
ReI isions " COllllllents 

f--. .,-,-, .. _-_ ..... -----_._._---_ .. _-f-.------ -_ .. _---_. __ ._ .. .,.-
Malldalory If Required ((n 

Ollee II ilh 25 SlIblllilial Certificatiol1 Report DO Sec 
Rellsions .' 

if FII H/W Co III lI1e 1115 ._-- -----... -- ---.----.• - ... -.... -~.--------_ .. _._-._-_._-- .c.",. __ ,_.~ ___ ~~~. ___ M -...... , ..... ,.....- .. -'~-"" .... ,. ... _-.-
COl1lr;IClol" II ill 

1\landalor~ IfHcquinxll()1' SlIblllil 1"<:511115 
2() 511bl11illal FlIginecrill!!" Ilail sis DO Sec ;\s Rcqlllrcli Y Iroll1 filia I 

if FII HIW ('on II 11<.: 1115 slrliclural,l!ld 
lirc'f1n;d ;11I;dl ,I, 

,,,~, .. ~~ .. ,, "., ..... ~, .. ,..- ..... -... -...... .••• _"'._.,. _'~'~>r' >0.'" '_"'_'_~"-"'_""'O'~ ____ , .• ' __ ,~. . _,~~",_",.,,~ ,,_,_ .... ~~_ ..... _. _,,·_,,··'~~'_''''N_M''''''''_~'''~_ _ ... '- o"~.~"._.,,,, __ ~~·._~ ,._~~ .. ",~" .. ~ ... ~ .. ~_, ..• ,,~ ~ ." '" 



· . e e 
(,RE"", ROBOTICS.\ 'il) VEHICLE EQrlP\IEi\T «(,R\ \ E) CONTR\CT 

' .. r> E I , I ,. E I{ Y () H () I,: I~ if. £.1H~E:EL!!;~~;;.SlI b I i !.'!.!!H~lEJ)I i" l".!!S!th!Il11.t..!.l: 

DRD DATA 
REQUIRED 

II TYPE 
DRDTITLE J)UE FREQUENCY FORDO? COMMENTS 

YIN 

Malldator~ If Required for 
27 Submittal Acceptance Data Package DOScc One Tillie N 

if Fit H/W ComlTlcnts 

After award of 

28 
lvtandatOI,} Export Control Audit Results I st DO. yearly Ycmly Y 
Submittal 011 Sept. 30 

thereafter 

Onl) if contractor 
is using the R-
Qnality Plan 

29 
Written 

Qua lily Plan With Proposal 
Once \Iith Atta('hmcnt template instead 

Approval Revisions J-Il of ISO. and only 
if they nced to 
make changes to 
it 

10 
Written Patent Rights-Retenlion As Rcquired As Required Y 
Appro"al (If API.lic'hlc) 

Written Shuttle/Station Pay load If Required for 
.11 

Approval Safety Dala Package 
DO See As Requi red N 
COlllments 

Mandatory If Required (()r 
.12 Submittal Limited l.i LC S) stems List DO See As Required N 

if' Fit HlW COllllIlents 

\Vrillei1 
Space Station GFE Failun: If Required for 

"' Modes and Effects Analysis DO Sec As Required N .L) 
Approval ilnd Critical Items List Comments 

Written Space Shuttle GFE Safell anti If Required (i.1' 

.1.1 
Appl'OIal 

Analysis Report &H;vard DO See As Required N 
Report COlllmenls 

Wrrtten , Sof111are Qualill AS~lIrallce 
<)() DaIS Prior to 

Once II ilh Y NI A .. 110 son 1\ arc 
l~ Soft \Iarc /\pprOlal Plan Report 

Development 
ReI isiolls (If Applir'hl<'l is being pr()duC(~d 

IV rittcn 
If Required for 

~() 
Apprmnl ISS Halllrd Report DO Sec As Reqllired :~ 

Comments 

'}.7 
UpOII Rcliabilill ;lIld 

With Proposal One Tillle Mtachm('nt Rcqtle<;[ . Maintilillabilit~ Plan J-<) 

\V nttcil GOI emllleill Ccrtill~atiou 
If Required I()r 

.iX 
'\pprol al ·\pprmal P.;qUl'st (GeAR) DO Sec As Required :\ 

COllllllents - ------
Written RI~k ,\5,,'S5111(:III [\(.'<:utlle J r Rcqui red lill 

_, l) 

\pprm al SIII IlIlWJ'\ Report (R,'\ESR) DO Sec As Rcqllircd " COlltlnents 
.... ~~-._~_, ,~"""~ ..•. _,_,~.~.~,."",,, _~''''''''~_'~'''''·'''''''~M •.. ,_,·~~ •.•. '4·~N'_~'&''',"''_'~,~~", ~ .•• -.• .,~, '''''~'W_'~'~_''''_~~ ." ... ""' ........ ,,-,...--... ~.~--~.~ .. -.--,.,,-.. " ... ,'~"'""" .. ~ . ..... -."" .. ~ ,,' •• ~.""~, _'~"~'''''' • ., .... ,· .... • ... A 
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I>ELlVI':In' ORI)E'~ Ii, ClH VE·EC·O.B Sublimntor Dri\('11 (,ol<Jplnte 
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DRDTITLE DUE FREQUENCY FOR DO? COMMENTS 
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2 business days 
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As Required "'I 
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days after 
detection 

If Required for 
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Electrical. Electronic. and If Required tor 
Once with 

Elcctromcchnical IEEE) Pm1s DO Sec 
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Control Plan Comments 
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Ccrtification Data Package DO Sec 
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COlllmcnts 

Certification and Acceptance 
At CDR 
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N 

Requirements Document Revisions 

Wage/Salary and Fringe 
Thil1y ClO) d:lys 
after issuance of Once N Bcndit Data 
each DO 

OFE Acceptllnce Test 
IT Required for 
DO See One Time N Procedure 
Comments 

Flight GFE Verification & 
If Required [01 

Once 1\ ith DO Sec N 
Validation Report 

COil I IIIC III S 
Relisions 

Space Shuttle (iFE Failure 
II' Required for 

Modes and Effecls Arlill~ sis 
(FMEA) ami Critical ItelllS 

DO SCI: As Required N 

Lisl 
COllllllents 

Ucsc,·wd --- --- --- ---
NASA C(llltrador Financial Arter IssllalKc of 

rVlonlhl~ Y M,llIagelll<:nt Reporting lSI DO 
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CIU~"', ROB<!CS .Y,n VEHICLE EQIIP\·IE'iT (eIE' CO"iTRACT 
I)ELlVEfH ORDER # CRAVE-Fe·O]] Suhlill1!ltor Driv"11 Coldplate 

DATA 
REQUIRED 

TYPE 
DRDTITLE DlJE FREQUENCY FORDO? COMMENTS 

YIN 

Only if contractor 
Only applicable to is using thc R-

With Proposal! B-CRAVE Quality Plan 
Written R-Quality Plan Template Rc'VisiollS as 

contracts in 
Y 

template instead 
Approval Required 

accordance with of [SO. and only 
the SOW and the ifthcy need to 

DRD make changes to 
it 

Type I - Wntten Approval Type 2 - Mandatory Submlttal Type 3 -- Submittal Upon Request 

GOVEIL"IMENT FliRNISHED PROPERTY: NON,E 

(,IIANGES TO DIWs: NONE 

CHANGES TO GOVE'~NMENT FliRNISllIW PROI'ERTY: NONE 



" . CREW, ROI!<!CS ""I> \-ElileLF EQlIP\IE\T (('IE) CO"<TRACT 
DELIVERY OHJ)EI{ # CHA "F,·Fr'·OJ., SlIblimator J)rivl'1l Colc.lplut{· 

BadigrouJld I Prohlem Desfript ion: 

.ldter completiun nfPhase l. thc dravvings Ilece,sdry to f'ahri.:ate (t SOC \"ill have alrciidv 
heen cOlllpleted A.t this time,. thc guverlllllcilt Ciill c\l'Icisc all option to fahricate thl~ SOC 
design This engincering dcvclopmcnt uilit (EDt) \\ill be delivered to the gO\ernmcnt at the 
,'(lnclusiun of Phase II f(l!' thcrmal vacuulll testing Thcrd<l!'c the EDt' shall he orsur!kient 
quality It> be tcsteel at JSC thel'lllill vacuum f~,.:il;lies The critt:ria {'(1I the selection ofPhasl' II 
",ill be total hard",are cost. mass. ilnd fabrication ccl!l1plc\ity -\dditionally,:11l (lSSCSSI11l'nt 
\"ill be milck ()rtht~ propn,<'c1 fcccl\lalt'r utili/MinI) ('Ill' the sekction of Phiise II The 
f~'c(hvak'r utililaliun is defined in tilt' ilttae'hed Ic~t ft,'porl. "Ctliitaininant Insen~iti\·e 
Suhlimatur ED! ' Test Rep.)rt"' 

Phase II Task Desniption: 
The second phase ",ill begin \vitl1 the contract avvard and will conclude \I-itll the deliH?r) of 
an EDt' All ofthc af<lJ'<,~l1wlHiolled r('quirenlcnts arc applicahle (0 both Phase I and Phil'l' II. 
The secolld phase will primarily involve the n,hrication of the hanl\-vare. 
The second phase will include the j,)lInv,ing tasks: 

! The SDC design I\,ill be built and dc1iH:led to the gOvcfIlll1cnl f~)r (hermal vaCUUll1 

testing. 
') The contractUI' \\·ill ~lIbmit a final rC[lUJI hI the gO\CrlllllCllI Thi,~ final rqwrt i\,ill 

inclllde the i\)lk)lving 
a. Sliblill1atol OriH'1I Coldplatc dum-ill!:! p:1Ckage 
h Lc,,~()ns learned \l'OIll the rksign and CabriC<lt ion process, 
( R"C()ll11lJcndatiolls {'.11' fittu!'t.' design itcraliolls ijdk,,, ins the slated 

i!,'<.fll ii(:llh,'l1t S 

d. Th., ['(;sulh 1/'0111 thl' fl!lal stll(etulal and 11i,'r!)),,1 (lnal}sl's 
v Proposed test 1)!,lil1hl~,JI the gt\\ctT!llll'n( kd the! 111:11 \ aCtlull1l<.>tillg 
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Product Description Qty Due Class 
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" . CREW, ROB("CS .' .... 0 \ElIICLE EQIIP\IE .... ' (CI.E) COYIR\CT 

OELIVEln ORnER II eRA VE-Ec.o.n Sublilllator t>rivcll Cold plate 

INTERIM MILESTONES DUE DATES 

Phase IlIInitial Contract 

SDC engineering devdopment unit deli\e~ l4Jul~ 2008 

SDC tinal report 14 July 2008 

Milestones, along with SUbjective measurements, are to be used for measuring 
performance. For schedule detail see Microsoft Project file located on the CRAVE web 
site for this DO listed under the Government Cost Estimate below. 

Government Estimate Located in RFO File in Microsoft Project File On eRA VE Web Site 
The file is titled: 2007-06-19_SDC-Project-Pllln-Phase2.mpp 

Total Government Estimate for this DO: $ 217,862. 

HYrAL COST ESTI!\1AIE 1'01< TillS DO: ~ 

CIL\ '\;GF.S TO DRDs: NONE 

FFE: ~ (If Applifnbld 

OPTION I: N!A 

OPTIOi\ 1: i\/A 

ClL\'\;GF.S TO qnrR\\IF,\;T FTR'\;JSIIFD I?ROPERTY: 'lONE 



and Space 
a .• loonllon SPI'" Clnt., ORDER FOR SUPPLIES OR SERVICES Page 10f 13 

NNJ05HB.oIOB, CRAVE DO 32 
NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

3. Issuing Otfice: 
NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2IMarv Thomas 

Oceaneering Space Systems 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: 281-2211-5371 x 

TIN: 95-2828227 

8. Type of Order: 

Fax: 281-483-4173 

Fax: 2111-228-55-45 

CAGE CODE: 

Tr~lns.portatilon Officer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Accountable Property 

Order No.: NNJ05HB40B CRAVE DO 32 

6. Deliver On or Before: See Block 11 Below 

F.O.B. Point: Destination 

Discount Tenns: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: NNJ05HB40B, CRAVE DO 32 

o PURCHASE: Please furnish the following in 0 
accordance with the conditions specified on this order. " 
Reference: __ 

DELIVERY: Except for the Tenns and Conditions of Purchase 
Order listed on the following page, this delivery order is subject to 
instructions contained on this fonn and is issued subject to the 
tenns and conditions of contract number: __ 

9. Written acceptance of this order by contractor I is, I is not 
required. Sign below if required and return to contracting officer. 

10. Name: Ronald Johnson 

Name: __ (Person authorized to sign) 

Signature: Date: 

DESCRIPTION 

INSPECTED ACCEPTED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

JSC Form 1429 (Rev November 10, 2(04) (MS Word August 1995) 

181 COMPo 0 PART. PPC: 

RECEIVED 

BY: 

Authorized U.S. Government 

AMOUNT 
QUANTITY 
ACCEPTED 

$ 341,904 



· . 
CREW, ROBOTICS AmtiluICLE EQUIPMENT (CRAVE) CONTRAA 

DELIVERY ORDER II: eRA VE-EC-032 LAR 

PROPOSAL INSTRUcnONS: _ DRAFI' - COMMENTS DUE BY: 01123/07 COB 
_2L FINAL - PROPOSAL DUE BY: 08127107 COB 

DO TITLE: Large Area Repair Hole Punch and Handhold 

DO Type: -L CPFF FFP 

DO Contact Information In Addition to the CRAVE Contract Sl!ecialut or CO: 

TMR: Joe Gen.ler Phone: (281) 483-0025 

DO Manager: Ben Greene Phone: (281) 483-3657 

DO Mgr. Alternate: Heather Bemman Phone: (281} 483-6053 

Concurrences: 

Ben Greene Harold Reimers Joe Gensler 
DO Manager DO Mgr. Management com 

Ralph Marak Steve Miller Ron Johnson 
Division TMR. S&MA Contract Ofticer 

Task Contains FUght Hardware, Flight Software or GSE? -L Ye.s _No 

Program Supported: lShuttle _ISS lEVA _Advanced 

WBS: ..L 1.0 EVA - 2.0FCE - 3.0EVR - ECLSS - 5.0ATCS - 6.0CHeCS 

For purposes of complying with FAR 52.232-22, Limitation of Funds, the total amount allotted by the 
Government to contract is specified in clause B.6, Contract Funding. Thefonding listed in B.6 is the 
amount allotted for aU Delivery Orders on the contract combined. 

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict between 
the contract and this Delivery Order, the contract shall prevail. 

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown above 
and in the contract within Section C, Table 1. 

Page 1 of 12 



· . CREW, ROBOTICS ANAuICLE EQUIPMENT (CRAVE) CONTRAA 
DELIVERY ORDER 1#: CRA VE-EC-032 LAR 

Narrative Task Description 

Background I Problem Description: 

1.0 Objective 

The STS-107 Columbia accident was attributed to debris liberated from the external tank during 
launch and impacting the reinforced carbon-carbon CRCC) wing leading edge of the Orbiter. 
Since then, several concepts have been developed and flown for repair of the Orbiter Thermal 
Protection System (TPS), however, to date none have been developed which have the capability 
to repair the kind of damage that likely caused the STS-l07 TPS failure. The Orbiter Project 
Office has asked the TPS repair community to continue development of a concept known as 
Large Area Repair (LAR) for flight on the upcoming Hubble servicing mission. EC7 has been 
tasked to develop the EVA hardware necessary for installation and verification of the LAR repair 
system for this project. 

2.0 Need for Large Area Re,pair CLAR) 

Current RCC Repair Systems are limited in the size and type of damage that they can repair. 
The two systems currently certified for flight are known as the Crack Repair System and the Plug 
Repair System. The Crack Repair System uses a singlc part pre-ceramic polymer known as 
NOAX (Non-Oxide Adhesive eXperimental) that is only capable of repairing cracks, coating 
damage, and small holes « 0.375" in diameter). The Plug Repair System is capable of repairing 
larger damage, but its capability is limited to holes smaller than 4 inches. 

Because of the limitation of these repair systems, the Orbiter Project Offiee has been funding 
R&D for concepts thllt have the capability to repair larger damage in RCC Panels with minimal 
impact to stowage. The LAR concept was presented to the PRCB earlier this year (2007) and 
was selected for additional funding for flight development. 

The LAR system is currently comprised of a thin, flexible, Carbon Silicon Carbide laminate that 
would be attached to the RCC Panel around the perimeter with composite or high temperature 
super alloy fasteners such as TZM (Titanium Zirconium Molybdenum) (see figures 2.0-1 and 
2.0-2). In order to perform the LAR installation and verify it is ready for entry, a collection of 
EVA and IVA hardware must be provided. 

Page 2 of 12 



.. CREW, ROBOTICSANaHICLE EQUIPMENT (CRAVE) CONTRAA 
DELIVERY ORDER II: CRA VE·EC.(I32 LAR 

Flexible "Large 
Area Repair" (LAR) 

Cover Plate 

Sealants not 

Figure 2.0-1 : Diagram of LAR System Installed on Shuttle WLE 

Flexible "Large Area 
Repair" (LAR) Cover 

Washer I 
Fastener 

Leading Edge 
Mock-up Panel 
(PanelS) 

. I Figure 2.0-2: Image of Sample LAR Cover Plate Attached to Panel Mockup 

Page 3 of 12 
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CREW, ROBOTICSANAHICLE EQUIPMENT (CRAVE) CONTRAA 
DELIVERY ORDER N: CRA VE-EC-032 LAR 

A number of tools developed for the RCC Repair Projt-'Ct can be used to aid in the installation 
and verification of the LAR, however, the majority of them \\ill need minor modifications, 
testing, andlor certification updates. In addition, a significant knowledge base exists in the TPS 
Repair community at JSC to draw upon during the development of the hardware required for 
LAR installation. Many on-orbit and growrd based evaluations have bt-'ell performed that have 
greatly increased the repair team's knowledge of what our EVA repair capabilities are. 

Task Description: 

The contractor is to perform the necessary tasks required to design, develop, test, and certify a 
subset of tools needed for installation and verification of the LAR System. Those tools are as 
follows: 

• IVA Hole Punch - required to punch holes IVA in the LAR Cover Plate. Holes cannot 
be pre-punched due to possible interference installing and drilling into T -seab andlor 
panel ribs. New hardware. 

• Velcro Handhold - required to provide a tt:lllporary handhold on the LAR Cover Plate for 
aid in placement, aligmnent, and installation. New Hardware. 

The designs shall comply with applicable EVA GDRD (JSC-26626) requirt:lllents and follow 
EA-WI..()23 for all project milestones and applicable documentation. Number and classification. 
of hardware components required will be defmed in requirt-'1llents to follow. No part of the 
designs will be proprietary and NASA will have full access and ownership of all engineering 
drawings, CAD models, procedures, and related documentation. All drawings will uSe JSC 
standard processing (i.e., PRC) callouts. All documentation (requirements documents, assembly 
procedures, etc) will be released through the JSC document system. All certification 
documentation (CARD, RAESR, GCAR, etc.) shall be delivered to NASA in an editable 
electronic format. 

Contractors must submit a minimum of one concept design for consideration. 

If the use of JSC facilities is required to perform any of the required acceptance testing described 
in the CARDs (such as use of the thermal test facilities), this must be clearly stated in the 
contractor's response. NASNJSC will make the appropriate accommodations to schedule the 
JSC facilities to perform the desired task upon request. 

1. Requirements 
1.1. IV A Hole Punch 

1.1.1. Design, develop, test, and certifY an IVA tool that will be capable of punching 
holes through a Carbon Silicon Carbide Cover Plate used for the Large Area 
Repair System. 

1.l.1.1. Hole Punch should punch holes 0.4735" + 0.10" 1-0.00" in diameter 
without tearing or damaging the edges of the punched hole.LLl':.Lll!!~,ill.llL1)l 
di,~t;I1h.'I." h~,'l \\ ( .. ."1.'11 tl"ll' Ldpl...' I d' till: f ·\R C11\ ~T rl:ik ;Jnt! 11h: C'.Tltt . .'!" (,!",Ih' 

l'.~.lnd.!:;\!...1L )!.~Jlt l.t_Ltl_\·...lJ! Il~;_ E! l.i.l~'JL..;h~ '11 ld. .. h-: .. r:1} !.i~l·'.!.~.·. :.\.U'I.·~. \~!J 1\ i).lX .. b.<.l.'-· .~.!\ ~.! 
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CREW, ROBOTICS ANAICLE EQUIPMENT (CRAVE) CONTRACT4It 
DELIVERY ORDER #: CRA VE-EC-9J2 LAR 

t'Cc'll ddcT!llillcd. 11,1\1 c\l:L il is liKe'11 Ihh dl,11II1(c' 1111111111 ':\(c,.,,1 " 
il1~by', 

1.1.1.2. Hole Punch should capture all debris generated by the hole ptmching task to 
prevl..'1lt damage to IVA systems, 

1.1.1.3. Hole Punch should be capable of punching at least 16 holes, 
1.1.1.4. It is acceptable for the Hole punch tool to be modified COTs hardware (Ref 

figure I, I, I-I L~Jil!1mi( i!)Jd,\\."ig)]l.!JLllt.,JLlh'l'Jl!!"JLL,--.h:~,L\i,IJ'k 
1.1.1.5. Thickness of LAR Cover Plate shall be no thicker than 0,050" 
1.1.1.6. Hole punch shall allow for easy visual alignment "ith prc-installed 

markings on the LAR Cover Plate identifying where holes should be 
located,.,.> l'~:>,jrt~4<;",unl,I,' J.:JI1~,! !(~,', llJiJ1kj n£.:'_U'l"ll!l.l J~l.,b,C:'-I] "k!ill,:d. 
Ilu\\'('\\.:r, ('i.lrl,\ dl".'\ I..'\t,\prn!"~n.l ~l;s(:us:-..illlls 'Iht.'llllh(..' ll.1nrkll1}1s ngrL'l..:d thai 

h"k, ,111'111<1 bc lll"rKe'd '" c'ilhe'r" ",Iid "I' "",hed Ilhik lille "l\llillin~ Ihe 

UcIIEtI.J\I,~hL,'iL.;jlUI''''jI<,:!L.J,l)c-;j!!~JJ1!,;_"iJ:~lc ,\l!1],ll<JJ2!-:.!.lH!IJllh:L111'1.H.uii.i!lJ 
!l.l;;Jl',)k 

Figure 1,1 ,I-I: COTS Hole Punch 

1.2. Velcro Handhold 
1.2.1. Design, develop, test, and certifY an EVA tool that will interface with Velcro pads 

on the LAR Cover Plate to provide alignml..'1lt and placement of the LAR repair, 
1.2, I, I, Handhold shall supply hook style Velcro to interface with pile style Velcro 

on LAR Cover Plate" the:;II!,!,)!',,-, I'\I I,), .I.", JI, •. .\ __ '.-J.r.1 ',il, .. " ,I-, ;llhl"yhy,;i", 
\\i:lllIl!.'·,J,..'li\I...'I\'d [(1\,1 
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· . 
CREW, ROBOTICS AN'llncLE EQUIPMENT (CRAVE) CONTRAA 

DELWERY ORDER II: CRA VE-EC-032 LAR 

Figure 1.2.1-1: Conceptual diagram of handhold interface with LAR COVe!" Plate 

1.2.1.2. Haruihold should require less than \0 lbs force to remove from LAR Cover 
plate interfaccJi,! .,·:!~lIjn.,!iyid.II!!J 1l:I1I,ltr"j '.1. 

1.2.1.3. Handhold should provide at least 5 lbs of retention force with LAR COVe!" 
Plate .. lj'l;'il<JJjlJ,lj~j ,h'.:!U1.0l.\,.U l' '.hl. 

1.2.1.4. Velcro size on LAR Cover plate is TBD, but no larger than 4" in diameter 
r,l[" ca<:h indil i<i,,,rI hllndh"ld. 

1.2.1.5. The Handhold should also provide an EVA Tether Point and be grasped 
easily with a single EMU Glove. 

1. Reporting 
The contractor shall provide weekly technical status, a bi-monthly schedule review, and monthly 
fmancial management rl:.'Ports as directed in the data requirements table. 

2. Gs!vemgmrt Pl]!vicied Equipment 
See Governml:.'Ilt Furnished Property section. 

Page 6 of 12 
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.. CREW, ll.OBOTICS AND_neLl!. EQUIPMENT (CRAVE) CONTRACT_ 
DELIVERY ORDER 1#: CRA VE-EC-032 LAR 

DeUyerab!es/Produstt l 

Due CI ... 

H..-d.,.,are 

MockUp None NiA N/A N/A 

Prototype None NiA N/A N/A 

Certification Full Class I Flight certification AR 5131/08 NiA 

Flight 
2 Hole Punch Tools 

2ea 5131/08 I 
2 Handhold Tools 

Training lea 5/31/08 III 

Other 1 ea 5131/08 I 

Other AR 5131/08 N/A 

5/31/08 

Other Products N/A 

Other Products 2 5/31108 NiA 

Page 7 of 12 



CREW, ROBOTt AND VEHICLE EQUIPMENT (CRA' CONTRACT 
DELIVERY ORDER N: CRA VE-EC-032 LAR 

SCHEDULE 

Start Date: September 25. 2007 Finish Date: July 15,2008 

ITERIM MILESTONES DUE DATES 

System Requirements Review (SRR) Suggested date10/15/07 

Preliminary Design Reviews (PDR) Suggested date 11/30107 

Critical Design Reviews (CDR) Suggested date 1/31/08 

Hardware Fabrication Complete Suggested date 5/15/08 

Hardware Qual I Acceptance Testing Complete Suggested date 6/16/08 

Certification Complete Suggested date 6/30108 

SAR Suggested date 717108 

Hardware Delivery 7115/08 

Milestones, along with SUbjective measurements, are to be used for measuring performance. For 
schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed under 
the Government Cost Estimate below. 

Government Estimate Located in RFO File in Microsoft Project File On CRAVE Web Site 
The file is titled: Not provided for this DO 

Total Government Estimate for this DO: $400K 
Option 1: L-- (See Attachment 1) 
Option 2: L- (See Attachment 2) 

TOTAL COST ESTIMATE FOR TIDS DO: s(Cogtractor Complete) 

FEE: ~ (If Applicable) 

OPTION 1: S N/A (See Attachment 1) 

OPTION 2: t..m (See Attachment 2) 

PageEJ oflL 
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CREW. ROBOTICS AN~ICLE EQUIPMENT (CRAVE) CONTRAcr_ 
DELIVERY ORDERiI: CRAVE-EC-032 LAR 

DATA RI!.OUIREMWS 

NOTES: 1. GREY SCALED ROWS NEED NO ADDITIONALIREQUIRED FILL-INS. 
2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 

RQMTSlDELIVERIES IN LAST COLUMN. 

DATA 
REQUIRED 

TYPIt 
DRDTITLE DUE FREQUENCY FORDO? COMMENTS 

YIN 

~ritten Hight OFE ConfigUration 
Wi1b Proposal Once Attadunent 

iApproval MlIIl8ement PIon J-I 

Mandatory Rcgullf Status RcportJ Summary 
Thirty (30) days 

Weekly Tech statu. fonowing ""nlr",,! Monthly Y Submit1al Review stort 

~ritten Projcct Technical Requirements If Required for DO 
Once with Revisions N 

iApproval Spccification Sec CoounCllIs 

~andatory OFE Systems Requirements Data If Required for DO Submittal i Once with Revisions N 
[FttHIW 

Package SeeCommcnls 
. 

~rittcn Flight OFE Projects Requirements If Required for DO 
Once with Revisions N Approval .t Verification Dooumcnt Sec Coouncnts 

Mandatory Preliminary Design Review Data If Required for DO Submit1al if Once with Revisions Y 
HtHIW Packl8e Sec Comments 

~rittcn Hisht OFE Workmlllship If Required for DO 
Once wi1b Revisions Y Approval Spccifications List Soo Comments 

Once wlRcvi.ions 

Iwritten 
PDR or 10% effort (due wlDO proposal, 

Projcct Schedule complete upelalos .t details Y Approval Milcs10nc provided as DO 
progrcsses) 

Iwritten Flight OFE Interface Control If Required for DO 
Once with Revisions Y Approval Document Sec CoounCllts 

Written OPE End Item Specification If Required for DO 
Once wi1b Revisions N Approval Soo Conuoents 

Mandatory 
If Required for DO Submit1al" if Hight OFE Failure Analysis Report A.Required Y 

HtHIW Soo Coounents 

Written Hight OFE Verification and As Specified in 
Once with Revisions Y Approval Valida1ion PIon WI-EA-023 

Written OFE Softwore Requirements If Required for DO 
Once wi1b Revisions N Approval Spccification See Comments 

Written OFE Softworc Development Plan If Required for DO 
Once with Revisions N Approval See Comments 
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ORO DATA 
1# TYPE 

15 Written 
Approvll 

~rittcn 16 Approvll 

17 ~rittcn 
Approvll 

Mandatory 
11 Submittal iI 

~tWW 

19 
~lOIIatory 
Submittal if 
F1tWW 

:zo Wriltcn 
Approvll 

21 IWritten 
Approvll 

Mandatory 
22 Submittal if 

F1tWW 

Written 
23 Approvll 

24 
Written 
Approvll 

Mandatory 
25 Submittal if 

FltWW 

Mandatory 
26 Submittal if 

FltWW 

Mandatory 
27 Submittal if 

FItWW 

Mandatory 
28 Submittal 

CREW, ROBOTICS AN_ICLE EQUIPMENT (CRAVE) CONTRAcre 
DELIVERY ORDER#: CRAVE·EC-032 LAR 

REQUIRED 
DRDTITLE DUE FREQUENCY FORDO? COMMENTS 

YIN 

OFE Software Design Document If Required forDO As Required N Sec Comments 

JfRequired forDO Pro-E formal CAD 
Engineering Drawings Once wilh Revisions Y Model. and Sec Comments Drawing files 

EEE Pills Lists and AnIlY,sis Report JfRequired forDO As Required Y NoEEE pills Sec Comments 

Critical Design Review Data If Required for DO 
Package SecCommentll Once wilh Revisions Y 

Enainecring Drawing Chans. If Required for DO 
Proposll Sec Comments As Required Y 

OFE Qualification Test Proocd\U'C If Required for DO 
Once wilh Revi.ioDi Y See Comments 

Flight Product User's Guide If Required for DO Once wilh Revisions N Sec Comments . 

If Required forDO Softwll'C Code See Comments As Required N 

(30) days after DO Attadtment 
J-4 Information Technology (IT) awen!, and .. 

JPG 2810.1 Due 30 day. Sec:urity Program Plan and Reports specified in JPG 
anerDO 2810,1 
award 

Certification Plan If Required for DO Once wilh Revisions Y 
. See Comments 

If Required for DO Cer1ification Report Once wilh Revisions Y See Comments 

If Required for 00 Engineering Analysis S .. Comments As Requircd Y 

If Required forDO Supplied for qui! Acceptllnco DatIl Package One Time Y See Comments and Flight Units 

After award of lot 
Export Control Audit Results 00, yearly on Yearly Y 

Sept, 30 1hcrean ... 

Page 10 of 12 
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ORO DATA , TYPE 

Written 29 
Approval 

30 ~ritten 
Approval 

31 ~rittcn 
Approval 

Mandatory 
32 ~ubmittal i1 

FltWW 

33 ~rittcn 
Approval 

34 IWritton 
Approval 

Written 3S Approval 

36 Written 
Approval 

37 Upon 
Request 

311 Written 
Approvll 

39 Written 
Approvll 

Written 
40 Approvll 

41 Upon 
Request 

Mlltdatory 42 
Submittal 

Written 43 Approvll 

Mlltdatory 
44 Submittal if 

~tWW 

4S IWritten 
Approvll 

CREW, ROBOTICS ANJIIIICLE EQUIPMENT.(CRA VE) CONTRAcr4t 
DELIVERY ORDER II: CRA VE-EC-032 UR 

REQUIRED 
DRDTiTLE DUE FREQUENCY FORDO? COMMENTS 

YIN 
Only if OOIllrlCtor is 
using the R-quaUty 

Quality Pllll With Proposal Once with Revisions Attachment pllll lemplato 
J-lt instead oflSO, IItd 

. only if they need III 
make changes to it. 

Patent Rights-Retention AI Required As Required Y 
(If Applicable) 

Shuttle/Station Payload Safety Data JfRequired for DO 
As Required N 

Pacbge Sec Commentll 

If Required for DO 
Limited Life Systems List SecCommentll As Required y 

Spoco Station OFE Failure Modes If Required for DO 
IIId Effccts Analysis and Critical As Required N If applicable 
Items List 

SocCommentll 

Spoco Sbuttle OFE Safety IlId If Required for DO 
As Required Y Ifappllcable Analysis Report a:HIZII'd Report Sec Commenll 

Software Quality A;'surance Plan 90 Days Prior to 
Software Once with Revisions N 

Report Development 

ISS HIZII'd Report If Required for DO As Required Y If applicable Soc Comments 

Reliability and Maintainability Plan With Proposal OneTime N 

Government Certification Approval If Required for DO As Required Y Request (OCAR) SocCommentll 

Risk Assessment Executive IfRcquired forDO As Required Y Summary Report (RAESR) SueCommeotll 

2 busiooss days of 

Problem Reporting IItd Corrective problOOl isolation 
but no later than 10 As Required Y Action (PRACA) 
days at\a' 
detection 

Nonconformance Record If Required for DO As Required Y SecCommentll 

Government Industry Data Excblllgc Reported ooe time 
Program and NASA Advioory wbcn discrepancy Once with Revisions Y 
Problem Data occurs 
Electrical, Electronic, IItd If Required for DO Elcctromeclmical (EEE) Parts Soc Comments Once wi1h Revisions Y 
Control Plan 

If Required for DO Certification Data Package Once with Revisions Y Sue Comments 

Certification IItd Acceptance 
At CDR Once with Revisions Y Requirements Document 

Page 11 of 12 



, . 
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DRD , 
46 

47 

411 

49 

50 

51 

52 

S3 

S4 

CREW, ROBOTICS AND_neLE EQUIPMENT (CRAVE) CONTRACTtIt 
DELIVERY ORDER H: CRA VE-EC-!!32 LAR 

REQUIRED DATA DRDTITLE DUE FREQUENCY FORDO? COMMENTS 
TYPE YIN 

Upon twageiSaIlry and Fringe Benefit 
Thirty (30) days 
atIl:r issuance of Once N 

Request Data 
cacbOO I 

~rlttcn OPE Acceptance Test Proceduro 
If Required for 00 

OneTime V 
Approval Sec Commonts 

[Mandatory 
Flight OPE V crilication '" If Required for 00 Onco with Revisions Submitlal if V 

iFJtHIW 
Validation Report . Sec Commonts 

Mandatory Space Shutllo OPE Failure Modes If Required for 00 
Submitlal i and Effects Analysis (FMEA) and Sec Commonts As Required N If applicable 
IFttHIW CrItical Items List 

~ed -- - - -
~andatory NASA Contractor Financial After IslUll\co of Monthly Y Submitlal Managcmont Reporting lot 00 

Writton Governmont Property Mana&ancnt With Proposal Onco with Rovisions Attadunmt 
Approval Pian J.7 

Mandatory Syslcm Safety Plan With Proposal OneTime Attadunmt 
Submitlal J·l0 

Writton WithProposal/ 
Only applicable to B-

R-Qua\ity Plan Template R""i.ions .. 
eRA VE contracts in 

N Approval Required accordanco with tho 
SOW and the DRD 

I Type I - Written Approval Type 2 - Mandatory Submitlal Type 3 -- Submitlal Upon Request I 

I GOVERNMENT FURNISHED PROPERTY - Tbellst of items below will be provided as 
Government Furnished Property. I 

Item Part Number Quantity Value I 
~~er Plate.or Mock·up with Pile TBD ,1 $S,OOO( -
Fa ~ 

Fo......-: Font color: Auto 

Fo......-: Font color: Auto 
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ORDER FOR SUPPLIES OR Page 10f 1 

See Block 10 Below 
NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2IMarv Thomas 

Oceaneering Space Systems 
Attn: Ronda Kautz 
16665 Space Center Blvd. 
Houston, TX 77058 

Phone: (281) 2211-5371 x 

TIN: 95-2628227 

8. Type of Order: 

Fax: 281-483-4113 

Fax: (281) 228-5545 

CAGE CODE: 2F262 

TrslnsIPor1latic)n Officer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Accountable Property 

Order No.: NNJ05HB4QB D027R1 

6. Deliver On or Before: 616107 thru 10!31!07 

F.O.B. Point: DESTINATION 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: NNJ05HB40B, D027R1 

o PURCHASE: Please furnish the following in 
accordance with the conditions specified on this order. 
Reference: __ 

o DELIVERY: Except for the Terms and Conditions of Purchase 
Order listed on the following page, this delivery order is subject to 
instructions contained on this form and is issued subject to the 
terms and conditions of contract number: __ 

9. Written acceptance ofthis by contractor I is, I is not 
required. Sign below if required and retum to contracting officer. 

Name: ________ (Person authorized to sign) 

Signature: Date: ______ _ 

ITEM 
NO. 

This revision Is Issued to grant a no-cost extension for 0027 to October 

31 ,2007. All other terms and conditions of the delivery order remain the 

same. 

Period of Performance: 06I06/07thru 10/31/07 

10. Name: Ronald Johnson 

Signature: ~~~~IMc~m~R 

UNIT 
UNIT 

PRICE 

o COMPo 0 PART. PPC: 

INSPECTED 0 ACCEPTED o 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

JSC Form 1429 (R.v November 10, 2004) (MS Word Auguat 1995) 

For: EC5ITerry Hill 

RECEIVED 

BY: 

Authorized U.S. Government 

$0 

Date 
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I. j 

National Aeronautics and SIMla. Admlnlsl"'lon ( ORDER FOR SUPPLIES OR SERVICES Page 1 of 2 Lyndon B. Johl11lOn Spea. Cent ... 
Houston, TX n05l 
1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HBo4OB, CRAVE·EC5-D027 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
3. Issuing OlTice: 4. Ship To: 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Ofticer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2!Mary Thomn Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281-183-0820 Fax: 2!!1-483-~1 Z3 Order No.: MMJ!Jl:iI:!Bo4Oll !:<B6~1:.·I:.Q§:DQ2Z 
E-mail: ,~ ....,n .... nn" 
5. Contractor: 6. Deliver On or Before: 6l6!Q'l thru 1011210Z 
Oceaneering Space Systems 
16665 Space Center Blvd. F.O.B. Point: DESTINATION 
Houston, TX 77058 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 

Phone: (281) 228-5371 x Fax: (281) 228-5545 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE-EC5·D027 

8. Type of Order: 

0 PURCHASE: Please furnish the follOwing in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the followin!! page, this delivery order is sUb~ect to 
Reference: __ instructions contained on thIS form and is issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptance ofthls order by contractor [0 J is, [181 J Is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting ofticer. 

Name: (Person authorized to sign) 

Signature: Pow;'] 0 J~ A .. lA.Date: ~7 Signature: Date: 
CONTRACTI/.)fQ OFFICER ~ 

11. Schedule 
IlEM 

DESCRIPTION 
QUANTITY 

UNIT 
UNIT 

AMOUNT 
QUANTITY 

NO. ORDERED PRICE ACCEPTED 

COMMON HELMET STUDY AND RISK MITIGATION 

1 The contr.ctor shall perform and deliver to all baseline trade study Lot Itt I-JIf' IA 
require menta of CRA VE-EC5-D027 IS described In the Statement of 

Work. Period of Performance: 818107 thru 10112107 

2 OPTION 1: 
The Government may require the contractor to continue to perform 
services under this delivery order. The Contr.ctlng Omcer may 
unilaterilly exercise Option 1 by Issuing Revision 1 to DO 27. The 
Government reserves the right not to exercise Option 1. 

(continued next page) 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
RlssueTo: sC/~oe ~ensler, x3Q025 Fgr: EC§l!!I~ !::Iii! 

$ 171,061 

14. Quantities in "Quantity Accepted' Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JIlC Form 142. (Rev November 10, 2004) (MS Word August 1995) 



Order No.: gBAllgs~I-D027 (DER FOR SUPPLIES OR SERVIt ,) PAGE 2 of2 
(CONTINUATION SHEET) 

SCHEDULE 

ITEM DESCRIPTION 
QUANTITY UNIT UNIT AMOUNT QUANTITY 
ORDERED PRICE ACCEPTED 

Should the Option be .xerclsed, the resultant delivery order revision will b. Lot b'f bLf 1:4 priced as negotiated under the base delivery order. 

OPTION 1 Period of Performance: 10/15107 thru 3131/08 

THIS IS A CPFF DELIVERY ORDER. 

\ 

. 

JSC Fonn 1421l m (ROY Nove be, 10.2004) (MSWord Aug ... 19Q5) 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) DELIVERY ORDER 

OCEANEERING SPACE SYSTEMS 
Contract NNJ05HB4OB 

Task Order Number Amendment Number Purchase Request Number 

24 4 Funded at Contract Level 

SOWWBS Fiscal Year Technical Monitor/Division/Extension 

FY10 COTR: Ralph Marak/ER ext:3-1944 

Task Order Title 

ADVANCED ROBONAUT HARDWARE 

Descril!tionlPurl!ose 

This delivery order revision: 

1) Extends the period of performance from September 30, 2009 to April 2, 2010 (March 20, 2007 
- April 2, 2010) 

2) Increase the delivery order value by $372,834; recapitulation is shown below 

The contractor shall perform the tasks in accordance with the attached delivery order revision. All 
updated changes within the task description is indicated with a bold "Rev D". 

Summary Previous I This Action I Current Value I 
I (Rev 4) I 

Cost br Fee I 
TOTAL $ 2,(Jlt3,234.00J $ 372,834.001 $ 2,416,068.00 I 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 

Contracting Officer / Sigflature,.., /' Date 

Adrian D. Clayton ·4'·"d ;/ (/'~"""'/7 '/ . . . ?(.YV/::" " tf}t;-JD ·::.:Pm q 
/ 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) DELIVERY ORDER 

OCEANEERING SPACE SYSTEMS 
Contract NNJ05HB40B 

Task Order Number Amendment Number Purchase Request Number 

24 3 Funded at Contract Level 

SOWWBS Fiscal Year Technical Monitor/Division/Extension 

FY09 COTR: Ralph Marak/ER ext:3-1944 

Task Order Title 

ADVANCED ROBONAUT HARDWARE 

Description/Purpose 

This delivery order revision: 

1) Extends the period of performance from June 30, 2009 to September 30, 2009 (March 20, 
2007 - September 30, 2009) 

2) Increase the delivery order value by $134,591; recapitulation is shown below 

The contractor shall perform the tasks in accordance with the attached delivery order revision. All 
updated changes within the task description is indicated with a bold "Rev C". 

Summary Previous I This Action I Current Value 
I (Rev"-,3~J)_.£....I ___ ~ 

.11-/ . --, Cost 
Fee 

TOTAL $ 1,VU~,tj43.UU I ~ 134,l)V1.uul $ 2,043,234.00 I 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

Contracting Officer 
RONAI.D JOHNSON 

CONTRACTlt~G OFFICER 

NASA Approval 

mgnature 

Page 1 of 17 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) DELIVERY ORDER 

OCEANEERING SPACE SYSTEMS 
Contract NNJ05H840B 

Task Order Number Amendment Number Purchase Reauest Number 

24 2 Funded at Contract Level 

SOWWBS Fiscal Year Technical Monitor/Division/Extension 

FY09 COTR: Ralph MaraklER ext:3-1944 

Task Order Title 

ADVANCED ROBONAUT HARDWARE 

Descrintion/Purnose 

This delivery order revision: 

1) Extends the period of performance from May 14, 2009 to June 30,2009 (May 14, 2008 - to 
June 30, 2009) 

2) Increase the delivery order value by $69,133; recapitulation is shown below 

The contractor shall perform the subject tasks in accordance with the attached delivery order 
revision. 

Summary Previous I This Action Current Value I 
I (Rev 2l 

Cost bLf 
Fee I • • T ---,--_. 

TOTAL '1,lalf,5'o~OO I , 18,' auo I $ 1,908,643.00 I 

THE CONTRACTOR IS NOT AUmORIZED TO EXCEED mE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 

Contraqtina~ ..... SjJJf).atu(fl Date 
CONTRACilNG OFFiCER K~/UAA1~ 5//,1/09 

rf 
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~ l 
N.tlonal Aeronautics and Space Admlnist .. Uon ~ ..... 
Lyndon B. Johnson Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 16 
Hou.mn, TX 77051 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HBo4OB. CRAVE D024Rl See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Onice: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Onicer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2!Marv Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281~882!1 Fax: 28j-483-2j38 Order No.: t:lt:lJ05H!.l~EI CRA~E g024Bj 
E-mail: ., '.'homaslllnlsa."ov 
5. Contractor: 6. Deliver On or Before: 3/20107 TO 5Ij 4109 

F.O.B. Point: DESTINATION 
Oceaneering Space Systems 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: (281) 228-5371 x Fax: (281) 228-5545 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE D024Rl 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is sUblect to 
Reference: __ instructions contained on this form and is issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptance ofthis order by contractor [0 I is, [® I is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting onicer. 

Name: __ (Person authorized to sign) 

Signature: .()tYlL",Oj~J_A A Signature: Date: Date: sitslof -- CONTRACTIt)1il OFFICER 
11. Schedule 

ITEM 
DESCRIPfiON 

auANTIlY 
UNIT 

UNIT 
AMOUNT 

auANTllY 

NO. ORDERED PRICE ACCEPTED 

ADVANCED ROBONAUT HARDWARE 
Revlllion 1 to DO 24 II Issued to exercllle Option 1 and change the Lot ill 
Statement of Work for ODtion 1. (See revised SOW attached.) 

RECAP DO VALUE: 

PRIOR THIS ACTION CUM VALUE 

COST 
\7'\ ~ \:r\ 

FEE 

TOTAL $1,037,729 $801,781 $1,839,510 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
Rissue To: EC/Joe Gensler, x30025 

$ 1,839,510 NTE 

14. Quantities in "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 10421 (Rev November 10, 20004) (MS Word August 11195) 



CREW, ROBOT. AND VEHICLE EQUIPMENT (CRA I CONTRACT 
DELIVERY ORDER #: CRA VE-ER-024 

PROPOSAL INSTRUCTIONS: l DRAFT -- COMMENTS DUE BY: 3/12/07 
_ FINAL -- PROPOSAL DUE BY: 3/26/07 

DO TITLE: Advanced Robonaut Hardware 

DO Type: -X- CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Joe Gensler 

DO Manager: Ron Diftler/ER4 

DO Mgr. Alternate: Bob Savely/ERI 

Phone: (28t) 483-0025 

Phone: (28t) 483-0931 

Phone: (28t) 483-81'05 

Concurrences: 

Ron Diftler 
DO Manager 

Jared Woodfill 
Division TMR 

Rob Ambrose 
DO Mgr. Management 

Not Required 
Stephen P. Miller 
S&MA 

Task Contains Flight Hardware, Flight Software or GSE? 

Joe Gensler 
COTR 

Not Required 
Ron Johnson 
CO 

_Ye~ .,.X.No 

Program Supported: _Shuttle _ISS _EV A ~dvanced __ .:oX''__ __ 

WBS: 1.0 EVA 2.0 FCE 3.0 EVR ECLSS 5.0ATCS 6.0 CHeCS 

For purposes of complying with FAR 52.232-22, Limitation of Funds, the total amount allotted by the 
Government to contract is specified in clause B.6, Contract Funding. The fonding listed in B.6 is the 
amount allotted for all Delivery Orders on the contract combined. 

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict between 
the contract and this Delivery Order, the contract shall prevail. 

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown above 
and in the contract within Section C, Table 1. 
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CREW, ROBOT' AND VEHICLE EQUIPMENT (CRA _ CONTRACT 
DELIVERY ORDER #: CRA VE-ER-024 

Narrative Task Description 

Background / Problem Description: 

The Automation, Robotics and Simulation Division (AR&SD) is developing new dexterous 
robotics technologies for NASA's exploration initiative. This work will create designs for 
actuators, embedded avionics, power distribution, control, interfaces, and mechatronics and 
apply them in developing new R&D robotic prototypes. AR&SD Will also mature these 
technologies for exploration, revising designs to provide a flight path for dexterous robots. 

The purpose of this task is to develop these subsystems for new classes of robots and future 
versions of Rob on aut systems. The subsystems include power distribution, skin coverings,joint 
mechanisms, control software, and embedded avionics. The task will involve design, 
implementation of the designs, integration, testing, and documentation of all work. 

Task Description: 

The task shall include, but is not limited to: 

a. Power Subsystem 
i. Support power requirements development 
ii. Provide power interface schematic 
iii. Identify items for procurement 
iv. Design custom power boards, avionics boxes, and interfaces 
v. Fabricate and procure components for power subsystem 
vi. Integrate power subsystem 
vii. Test power subsystem 
viii. Integrate power subsystem with robot limb 
ix. Support testing of robot limb 

b. Fabric coverings. 
i. Support fabric covering requirements development 
ii Provide fabric covering interface definitions 
iii. Design fabric coverings 
iv. Build prototypes for fit checks 
v. Fabricate coverings 
vi. Install coverings 

c. Joint Mechanisms 
i. Support requirements development 
11 Provide mechanism interface definitions 
iii. Identify mechanical items for procurement 

Page 2 of 15 



CREW, ROBOT. AND VE~ICLE EQUIPMENT (CRA fit CONTRACT 
DELIVERY ORDER #: CRA VE-ER-024 

iv. Design custom links, drive trains, and interfaces 
v. Fabricate and procure components 
vi. Integrate Mechanisms 
vii. Test Mechanisms 
viii. Integrate Mechanisms with robot limb. 
ix. Support testing of robot limb 

d. Control Software 
i. Support software requirements development 
ii Provide software interface definitions 
iii. Design custom drivers, communication routines, and interface subroutines 
iv. Code and test software . 
v. Integrate software with testbeds 
vi. Test software on testbeds 
vii. Integrate software with robot limbs 
viii. Support testing of robot limbs 

e. Embedded Joint Avionics 
i. Support joint avionics requirements development 
ii Provide joint avionics interface schematics 
iii. Identify items for procurement 
iv. Design custom boards, avionics boxes, and interfaces 
v. Fabrication and procurement of parts 
VI. Integrate subsystem 
vii. Test subsystem 
viii. Integrate subsystem into joints 
ix. Support testing of joints 

1. Requirements Definition: 

Narrative Description of Expected Work: 

The power subsystem requirements will come from a simulation tool that computes 
actual voltage and current requirements as the robot operates, allowing for both peak and average 
loads to be identified over a range of duty cycles. Fabric covering requirements will come from 
CAD models for geometry, with materials requirements for durability and esthetics. The joint 
mechanisms requirements will come from a review of existing Robonaut prototypes with added 
requirements for additional joint range and stiffness characteristics. The control software 
requirements will come from driver specifications from COTS computer components and 
interface requirements from high level limb force and trajectory algorithms. The embedded joint 
avionics requirements will come from the existing perfonnance values taken from the previous 
Robonaut Prototypes, with the added requirements for environmental tolerance. The work 
includes an early milestone, delivering the integration schematic that identifies all other 
subsystems within the robot that will need power, their location, and interfaces with the 
embedded avionics. 

Page 3 of 15 



CREW, ROBOTJlltAND VEHICLE EQUIPMENT (CRA .ONTRACT 

DELIVERY ORDER #: CRA VE-ER-024 

2. Preliminary Design: 

Narrative Description of Expected Work: 

The tasks are largely in support of R&D activities, where low (TRL 2-3) technologies are 

being developed and matured (TRL 4-6) over the course of a multi-year project. The subsystems 

being developed will be a part of that effort, typically taking previously developed components 

and trying new approaches. As with any subsystem its integration into the larger system is 

essential, and so the work will be driven by interfaces with other parts of the robot. This will 

require the CRAVE contractor to work with NASA in the development of the requirements and 

interfaces definitions as well as the design, fabrication, procurement, integration and test 

activities described in a-e of the task list given above. The work will be performed on-site in 

JSC's Dexterous Robotics Laboratory. 

3. Detailed Design: 

Narrative Description of Expected Work: 

The power subsystem design will require the use of PCB layout and design tools, and will 

be guided by the interface and requirement definitions. The fabric covering design will use CAD 

tools and intermediate prototypes that will be fit-checked with the robot structure. The joint 

mechanism design will use CAD tools and intermediate prototypes will be integrated with 

testbeds to verify performance. The control software will be developed using a NASA provided 

C++ real time development tool (CtrIShell) and integrated with testbeds and the robot limb's 

main computer system. The embedded joint avionics will be modeled with a CAD system and 

their integration with the mechanisms and structure will be evaiuated as part of the design 

process. 

4. Prototype Productiou and Testing: 

Narrative Description of Expected Work: 

. AU prototypes, subassemblies, software, designs, drawings, and documentation will 

be maintained and stored at JSC. 
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Deliverables/Products: 

Hardware 

MockUp 

Prototype . 

Certification 

Flight 

Training 

Other 

Test 

Software 

Other Products 
Power Subsystem Design Drawings, 

Prototype Specifications, and Parts Lists 20 Drwgs 8/2007 Non-flight 

Development Unit Fabric Covering 1 612007 Non-flight 

Test Unit Fabric Covering 1 10/2007 Non-flight 

Prototype Fabric Covering I 312008 Non-flight 

Prototype Joint Mechanism Design Drawings 50 Drwgs 7/2007 Non-flight 

20000 

Prototype Control Software Code SLOCs 2/2008 Non-flight 

Embedded Joint Avionics Design 
Drawings, Specifications, and Parts 

Prototype Lists 20 Drwgs 7/2007 Non-flight 

Page 5 of 15 



CREW, ROBOT~ AND VEHICLE EQUIPMENT (C~ vA CONTRACT 
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SCHEDULE 

Start Date: 4/2/2007 Finish Date: 5112/2008 

ITERIM MILESTONES DUE DATES 

Integration Schematic Completed 5/2007 

Testbed Integration Complete 10/2007 

Subsystem Integration and Testing Completed 112008 

Robot Limb Integration and Testing Completed 5/2008 

Milestones, along with subjective measurements, are to be used for measuring performance 

Government Estimate Located in RFO File in Microsoft Project File On CRAVE Web Site 
The file is titled: Not provided/or this DO. 

Total Government Estimate for this DO: $ 940K 
Option 1: S 800K (See Attachment 1) 
Option 2: S N/A (See Attachment 2) 

TOTAL COST ESTIMATE FOR THIS DO: $ 1,037,729 

FEE: 1. 

OPTION 1: 1 

FEE: ~ 
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DATA REOUIREMENTS 

All DRs contained in the contract are applicable and required unless marked N/A below . 

I.· " .•. >..... . •.••. ... ,./ .•......... ".' .. . i ......... ' ... " .. ' ... ' .... ··· ... ' .. '.·, ..... ,......,.: 'Ii ' •............•.... "' ...•... : ...... ' ...... " .•... '., .. ' .... ' DlU>TITLE.':'i"· ." .. DUE., 
" . . ...... " .. ' ..... I,., ...... '." 

IIp''l''i! '!hltGF~E Configuration 
1 I :"" ..... A< •• 11\, :.,.. Plan 

~t't"~ 

2 
IMIllldiatol), IJJ~eglli' 'ill" Status Report! Summary 

n. 
,w"v 

I" .. : .... 

Requi~ments 
...... .. 

4 11;t.",f .. a n~.tory OFE n. Requirements Data' . 
MV.,MIi!' . . 

. 

. '. IM1Uldatory IP'reliminl1iry Design ReVlewData 
6 1" •. ,-".. n •. L 

. -,.~ 

'.' 

7 I·::··W~'. FlightGFE Workmanship 
I A<'··· •• n. "" 'inn. List 
~~ 

". 

1""-,, 
8 I" ""VA< ':' • .;jvv. Schedule 

-rr 'y, .. 

9 
Written ~light OFE Interface Control 
-rr ' V<U 

. 

10 ...... ,... .... OFE End Item Specification 
. -..... , . 

11 " .... •• Flight OFE Failure Analysis Report 

12 
Written ~~i~.~t OFE Verification and 
A • Vi ,Plan 
... OFE Requirements 

13 " ... ,'"' .. 
'y, .. . 

"'~" 
14 ;: """'" .. OFE Software Development Plan 

OFE Software Design Document ' 

IWith Proposal 10nce 

I!~irty (30) days 
'VUV" "'0 contract IM(mthly 
Istart . 

Ifer DO schedule . 10nce with Revisions 
". 

ISp~!cific~d in DO 
.. , . 

10nce with Revisions 
. 

1",,,_- with Revisions IY",i<, .' ISp,ecilfied in DO 
. 

. 

1 

11~"')pe()ifie:d" in DO IOnlle with Revisions 
I. 

, 

.. ~" inDO . 10nce with Revisions 

10nce w/Revisions 
IPDR or 10% effort I( du.e wlDO proposal, 

, • -'. & details 
." -' as DO 

I" 

Attachment 
J-8 

y 

N 

N 

N 

N 

N 

y 

In. ."". ~ in DO 10nce with Revisions N 

ISp.ecilfied in DO 10nce with Revisions N 
. 

lAs ag, reed by TMR I A oR . d' N lin DO lcoa equtte 

IA.· .• in . 
I;;;'.o?,\ IOnce with Revisions N 

IIS"ipe(;i"lti"ed in DO IOnce with Revisions N 

In. ."" .. -' in DO Once with Revisions N 

I::.' > • , 

Specified in DO 
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y 

N 

N 

N 

N 

N 

y 

N 

IC(,rtiflcation Report with Revisions N 

IEllgiIleelrin~ Analysis ISpleci:fied in DO y 

IMiand.atolry I}\.ccclptance Data Package IS~lecitied in DO N 

IMilUldatolry Ij;!'!{n~,rt Control Audit Results y 

Rights-Retention 
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• · .. ······i·,>i. (. ........... .•....... 
17':-~~qJ . ' . .' ····rI'i'LJ!J . .' ....... ' .•.... .; ...... 

,' .. : •.... ORO.,' . ;. DlJE "'. ..• '., • < .•.. ••• '., .... . .' . 

--
.' 

. ' l'l'V~ .... ..... .... ..... 
" . •• 

. ... \. ... 
31" .m....... :~ .. ~. ,,,,,, .. u,, Payload Safety Data ". .!L'!. -' in DO As Required N 

~YY' 
'. A.,A"tn~' 

T Jmitec\ Life Systems List .'" 'inDO As Required 32 i,jhn'littAI N 
-~ 

. . . 

.......•.. Sp~<:,_ Station GFE Failure Modes 
AsEar~~, 33 I".' .. IIIldEffects Analysis and Critical 'r lAs Required N 

-rr Itel11S List • as 
.. 

34 1 ...... - spa~e's~~k~~o~F!3_ Safety and n. "" ~ in])O As Required N .. An~lvQ;Q_, ._M._ Report ' ,M' 
... ,. Cl. " .. Quality Assurance Plan ~02Ml"'''Y~'w 

35 :"::~~:': .. Once\vith Revisions N 
To 

~. ". '. . 
~"..- (If Applie'ble) . .'.'M' .; . 
.,..~ .. 

. . ." 
'~-' inDO 36 ~'.::t·::· .. iSS Hazard Report As Required N 

37 ~POll R. and Maintainability Plan With Proposal .one Time 
J-9 

" .... , 8;, r,.rtjf;"~t;nn Approval 
38 ;:1"''''''., '~inDO lAs Required N 

R~n",,"1 (nCAR) 

Risk • 
~. 

39 :"0""'11 .• I". . "" ,A in DO lAs Required N <;!, ,Report (R A F~'R.) 

. , !2 L .! • days of 
;,. .'.1. isolation Reporting and Corrective 

40 -:0""'11 .. 
Art;nn (PRACA) Ibut no later than 10 'As Required N 

~r .. Idays after 
. 

~poit .. .,. !~n'",,;fj .. ,j in DO AsR, 41 n: .,~ Record N 
,,-~-y~ 

. 
• •• 

.. '.' n, .c_ '. Data ,~ f . . .. . ,.v_ one .Ime 
42 :.; ~y ,,' l and NASA' Advisory Iwhen discrepancy 10nce with Revisions N 

." . , .vv • ., .... b~ . Iv"" .... ~ . 

01. and 
43 I:' ... ·v ... .L .• (EEE) Parts lilDO 10nce with Revisions N 

n.PP' v va, I Plan . 
. 

• !J" 44 . .'. :.1 ,..., 
Data Package inDO 10ncewith Revisions N vV' . 

,.... • 'L'! .. and Acceptance 
45 I:'''''';;;''' ~w 

IAtCDR 10nce with Revisions N Document 

1~~~~"Qt 
I" .. .1<> .'- _, and Fringe Benefit IT~irty (30) days 

46 D;~ Illfter issuance of 'Once N 
leach DO 

47 I " ,m" .. GFE Acceptance Test Procedure Specified in DO lOne Time N 
'M' 

48 .... :' ~!f;~~~~; R:~ort & inDO 10nce with Revisions N 1<> .... 
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CREW, ROBOa AND VEHICLE EQUIPMENT (CRA. CONTRACT 
DELIVERY ORDER #: CRA VE-ER-024 

GOVERNMENT FURNISHED PROPERTY 

JSC robotics labs will be the location for this work. Existing lab assets will be made 
available to the contractor for execution of this DO. The CRAVE contracts do not 
anticipate the Government providing any property unless requested by the contractor in 
their response to a request for bid. 

A. List of Property the Contractor Shall Replace with modified or upgraded versions: 
Use of Date to be Furnished to the 

Item Quantity Acquisition Cost Property 
Contractor 

Location 

NA I I 1 

NA I I I 
NA I I 

B. List of Property the Contractor will return in the same confie:uration: 
Use of Date to be Furnished to the 

Item Quantity Acquisition Cost Property Contractor 
Location 

">"-".-', ,',-" 

··.T 
" W" .. 

I NA 
. . .. . -,.' ",,,-,."' . 

NA I 
, L . ,,"-" •• , ... " •• '".'w .'.,.' . 

NA , ,I -.. , 

C. List of Property the Contractor Shall Replace if Damaged or lost during the course of 
the effort: 

Acquisition Cost 
Use of 

PropertY 
Location 

Date to be Furnished to 
the Contractor 

I NA ., I 
I NA I I 
I NA I I 
D. List of Property the Government Will Replace if Damaged or lost during the course of 

the effort: R Quantity 
Use of Date to be Furnished to 

Acquisition Cost Property the Contractor 
Location 

I NA I I 1 

, 

I NA I I 1 

I NA I I 1 
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ATTACHMENT 1 

The Government may exercise the option described below for the option value listed on the DO 
cover page by written notification to the contractor. 

OPTION 1 TITLE: Advanced Robonaut Hardware - Option 1 

Background / Problem Description: 

The purpose ofthis follow option is to refine the subsystems developed under the base DO, and 
add new subsystems producing second generation advanced limbs, complete the design of a new 
Robonaut body ane heae, and integrate all items to produce and test two complete Advanced 
Robonaut Upper Bodies. The subsystems that are expected to require refinement include skin 
coverings, joint mechanisms, and embedded avionics. The task will involve design, 
implementation of the designs, integration, testing, and documentation of all work. 

Task Description: 

The task shall include, but is not limited to: 

a. Body 
1. Complete design for upper body, including limb attachment points, and 

electronics housings 
ii. Provide body interface schematics 
iii. Identify items for procurement 
iv. Fabricate and procure body components 
v. Integrate electromechanical subsystems 
vi. Support upper body testing 

b. Head 
i. S1:lflpert eesigB fer heae, ifleh:leiflg yiees prseessiflg, aetuatsr speeifieatisfl, ane 

meehanism eeyelepmeflt 
ii. Pr9'liee heae iaterfaee sehematies 
iii. I6efltify items fer prSel:lfemeflt 
iy. Faarieate ane pf96l:1fe heae eSHl:}'lsfleflts 
Y. Iategrate eleetrsmeehanieal s\:lbsystems 
vi. S1:lflpsrt heae testiflg 

c. Fabric coverings. 
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i. Refine fabric covering designs . 
ii. Build second generation prototypes for fit checks 
iii. Fabricate coverings 
lV. Install coverings 

d. Joint Mechanisms 
i. Refine custom links, drive trains, and interface designs 
ii. Fabricate and procure mechanical components 
iii. Integrate Mechanisms 
iv. Test Mechanisms 
v. Integrate Mechanisms with second generation robot limb 
VI. Support testing of second generation robot limb 

e. Dual Limb Control Software 
1. Support dual limb control software requirements development 
ii. Provide dual limb control software interface definitions 
iii. Design software subroutines to support dual limb operations 
iv. Code and test software 
v. Integrate software with testbeds 
vi. Test software on testbeds 
vii. Integrate software with Robonaut Upper Body 
viii. Support testing of Robonaut Upper Body with dual limbs 

f. Embedded Joint Avionics 
i. Refine Designs for custom boards, avionics boxes, and interfaces 
ii. Support fabrication and procurement of parts 
iii. Integrate subsystem 
iv. Test subsystem 
v. Integrate subsystem into joints 
vi. Support testing of joints, limbs, and complete upper bodies. 
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DELIVERY ORDER #: CRA VE-ER-024 

Deliverables/Products: 

~;';;t,z. f5!'J_!C!' (i".i: •. }.i.·.· ••• ! .•••... li~ .. :; ..••• }··!·.· . ••••••• i'J;i~~iC;~ii!: i ,i ·t'.l}: 
!Gr .. I~~.~) li.i'i!'~ :;'i~~i f;jci i.'i,,!!.,! Pi:i~~ ~i IIT~Ji~j~;~j. '.i •..... ! ii;i'. ; 

Hardware 

MockUp 

Prototype 

Certification 

Flight 

Training 

Other 

Test 

Software 

Other Products 

Prototype Generation 2 Fabric Covering 1 8/2008 Non-flight 

15 
Prototype Body Design Drawings Drawings 5/2008 Non-flight 

:Qeaa Sebs~'stem Eifa>v"iflgs, # 
HeaeI Sfleeifieatiefls af!a flaAs list aFaviiflgs :;z,I~QQg ~~eft flight 

Proptype Final Fabric Covering 2 12/2008 Non-flight . 

Generation 2 Joint Mechanism Design 
Prototype Drawings 50 Drwgs 8/2008 Non-flight 

16000 
Prototype Dual Limb Control Software Code SLOCs 9/2008 Non-flight 

Generation 2 Embedded Joint 

Prototype 
Avionics Design Drawings, 
Specifications, and Parts Lists 20 Drwgs 10/2008 Non-flight 
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SCHEDULE 

Start Date: 5/14/2008 Finish Date: 5/141 2009 

, .. ···>iTlti\l~·~I£Jh$~()~~~:Hl· '. ;:'~ .. 
,; 'v~ 'v; 

Two Limb Integration Schematic Completed 

Two Limb Subsystem Integration and Testing 
for First Unit Completed 

Generation 2 Subsystem Integration Complete 

Two Limb Integration and Testing for Second 
Unit Completed 

). (nUltbAtrESi'>< 
7/2008 

10/2008 

1212008 

5/2009 

Milestones, along with subjective measurements, are to be used for measuring 
performance. 

CHANGES TO DRDs: NONE 

CHANGES TO GOVERNMENT FURNISHED PROPERTY: NONE 
(IF YES, THEN INSERT GOVERNMENT FURNISHED PROPERTY TABLES) 
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1. 0rdI!r No. 2. Dateof~ NOTI: MARK AU.. PACKAGES t-MIJ PAPERS WITH ORDER NO. 
NNJ05HI4 .. , CRAVE-ER-D024 SMIIock 10 IIIow 

CertIIIIId far NatkInIII o.r... under DPAS (15 CFR 700) po..cg 
3. JIIUIng 0IIIce: 4. ~_To: 

NASA Johneon 9pIIce CentIr. 2101 ...... PaItwIIy T~ OIIIcIr, BuIJcIIng 421 
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e-rn.It ,-
S. CorIIIiC*ir: e. DeIIwr On or a.ror.:_ 

F.O.B. PoInt: DESTINATION 
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ORDER FOR SUPPLIES OR SERVICES Page! of 1 

NNJ05HBo4OB, CRAVE D023R1 See Block 10 Below 
NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

3. Office: 
NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2!Marv Thomas 

Oceaneering Space Systems 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: (281) 2211-5371 x 

TIN: 95-2628227 

8. Type of Order: 

Fax: 281-403-4173 

Fax: (281) 228-5545 

CAGE CODE: 2F262 

Transportation Officer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For. Accountable Property 

Order No.: NNJ05HB040B CRAVE P023R1 

6. Deliver On or Before: 3/1/01 to 8/15107 

F.O.B. Point: DESTINATION 

Discount Terms: Net 30 Days. 

7. BILLING 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: NNJ05HB40B, CRAVE D023R1 

o PURCHASE: Please furnish the following in 
accordance with the conditions specified on this order. 
Reference: __ 

o DELIVERY: Except for the Terms and Conditions of Purchase 
Order listed on the following page, this delivery order is subject to 
instructions contained on this form and is issued subject to the 
terms and conditions of contract number. __ 

order by contractor 
required. Sign below if required and return to contracting officer. 

Name: __ (Person authorized to sign) 

Signature: Date: 

ITEM 
NO. 

DESCRIPTION 

CRA VE-EC-D023 - 85 FOOT SAFETY TETHERS 

Revlelon 1 to DO 23 is issued to extend the period of performance to 
August, 15, 2007. All other terml and condftions ofthe delivery order 
rernalnunchanged. 

Period of Performance: 3/1/07 to 8/15107 

This II a Firm Fixed Price Delivery Order. 

10. Name: Ronald Johnson 

o COMPo 0 PART. PPC: 

o INSPECTED o ACCEPTED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTMERWISE NOTED. 

o 

JSC Form 1429 (Rev November 10, 2(04) (MS Word August 1995) 

RECEIVED 

BY: 

Authorized U.S. Government 

Date: f.al.:zJ i> 

QUANTITY 

ACCEPTED 

$ NTE 263,225 

Date 
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85 FOOT SAFETY TETHERS 

Narrative Task Description 

Objective I Task Description: 

1.0 OQ.iective 

Build to print and certify additional 85 Foot Safety Tethers for Extravehicular Activity use for 
both Orbiter and International Space Station (ISS) use. 

2.0 Need for 85 FT Safety Tethers 

Currently eight (8) 85 FT Safety Tethers (pIN: SEG33116109-307) exist in the NASA inventory 
that are being used'for Orbiter and International Space Station (ISS) assembly tasks. With the 
de-manifestation of the Orbiter slidewire assemblies, the 85 FT Safety Tether is now the crew's 
primary safety restraint for Orbiter payload bay EVAs. Additional 85 FT Safety Tethers are 
needed to ensure sufficient 85 FT Safety Tethers are available for all future flights and EVAs 
(planned or contingency) activities. 

3.0 Task Description 

The contractor shall build to print 85 FT Safety Tethers (pIN: SEG33 1 16109-307) and perform 
all testing requirements per Certification And Requirements Document (CARD) JSC-60453Al. 
NASA requests a proposal which contains estimates for A, B, and C. One, or a combination, 
will be considered. 

A. Quantity two (2) Class I (flight) Units 
B. Quantity four (4) Class I (flight) Units 
C. Quantity one (I) Class III (trainer) (assume trainer will be in addition to a flight 

build of2 ot'more, for estimation purposes. Unit must be functional for table
top training purposes only. No acceptance testing or ADP required. This unit 
shall be delivered without the crew hooks and load alleviating strap. The Velcro 
breakaway tether strap is required) 

The drawings for this hardware are located in the JSC Engineering Drawing Control Center 
(EDCC). There is also a Disassembly Procedure (SKD33 1 19058) located in the JSC EDCC for 
the 85 Foot Safety Tether, a link is listed below. 

NASA JSC Test facilities for load2
, vibration, and thermal testing will be provided to the 

contractor at no cost as GFE. Test facility operations, test readiness reviews (TRR), and facility 
TPS's will be provided by NASA. The contractor shall provide the hardware functional test TPS 
as required for the TRR process and execution of the test. The contractor is expected to 
participate in the TRR process, which includes recommendation of environmental and testing 
levelsllimits, placement of sensors on hardware, explanation offixturing (vibrational and loads). 
A brief summary of the criticality, purpose, and importance of the hardware shall be provided at 
the time of TRR to help the test team understand what they are testing. 
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85 FOOT SAFETY TETHERS 

If cable assemblies (PIN: S0033105075-004) are not available for the Government to supply, 
then a load test to failure (lot acceptance test) must be done per CARD JSC-60453A 
(Requirement 3.1.1.11; 85 Foot Safety Tether Cable Lot Acceptance). One spool of stainless 
steel cable (pIN: M83420/2-004 LIN: COI08690) with approximately 200 feet will be provided, 
currently at JSC building 10 bond room. This lot of stainless steel cable has been lot tested per 
TPS #E60620253. An additional spool (pIN: M83420/2-004 LIN: COI07744) with 
approximately 200 feet will be provided for the trainer unit, and is currently at JSC building 7 
bond room. This secondary spool has. not been lot tested. 

The vibration test fixture user's manual (JSC 62048) is listed below and contains the procedure 
required to install the safety tethers to the vibration table in JSC building 49. Both vibration 
plate fixtures (PIN: SD036146611-001 & S0036146612-001) are currently located at JSC 
building 7 bond room. 

JSC 62048 (CTSD-SS-2800) User's Manual for the Safety Tether Vibration Plate Fixtures 
http://ctsd.jsc.nasa.gov/doc library/CTSD-SS-2800.doc 

SKD33119058 Disassembly Procedure f.or the 85 Foot Safety Tether 
(http://edcc.jsc.nasa.gov/dbase/edrspub/repository/33/SKD33119058 A O.PDF 

NASA engineering/technical is available to support the execution of this delivery order, not to 
exceed 4 hours per week. The intent of this offering is to effectively communicate the lessons 
learned in building and testing this hardware. This support is not intended for changing 
engineering drawings, or writing task preparation sheets (TPS). If a certification procedure 
change or clarification is identified, NASA will assist the contractor in walking the change 
throughthe approval process at JSC as required. 

lReferenee CR EV A-00063-RIIR2IR3 for updates for additional requirements I 
verifications. CR EV A-00063R3 is pending approval as of 1217106, and eontains 
eorredions to the verifieation of the level wind alignment with the cable on the attaehment 
point of the eable spool, when the eable is fully extended. . 

2Referenee dosed work authorizing doeuments for Load Acceptance Testing specific 
eautions (i.e. TPS ## E60620064 Load Aeceptanee Test). The main eaution being the test 
fixture must have a flexible connedion (i.e. soft good knot or containment) to secure the 
Safety Tether Housing, avoiding damage to the flight hardware. 

Page 3 ofl0 



CREW, ROBOTI AND VEIDCLE EQmPMENT (CRA« CONTRACT 
DELIVERY ORDER ##: CRAVE-EC-013 

85 FOOT SAFETY TETHERS 

DeliverablesIProducts: 

Hardware 
Flight hardware to be provided if Qty 2 

4/19107 
option A or B is chosen Or 4 

MockUp N/A N/A N/A 

Prototype N/A N/A N/A 

Certification N/A N/A N/A 

Trainer 
Class ill Trainer to be provided if I 4/4/07 
option C is chosen 

Other N/A N/A N/A 

Functional testing (full acceptance 
testing including PDA, thetmal, load, 

/Test vibmtion, and PIA) 4111107 

Software N/A N/A N/A 
I per 
each 4/19107 Acceptance Data Package (ADP) for flight I 

Other Products each and units qual unit 

Page 4 oflO 
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CREW, ROBOT' AND VEHICLE EQUIPMENT (CRA' CONTRACT 
DELIVERY ORDER H: CRAVE·EC·013 

85 FOOT SAFETY TETHERS 

SCHEDULE 

Start Date: March I. 2007 Finish Date: June 19. 2007 

il~~~J~l;h</ .......•. ~MQ/.j$jQ~~:;, 
'.<i •.. ·. ", .. ' '. ',;8,· i.··. .' ". 

".>,J'>, \i.. >. 'ii:' i" Ul1El>ATES' .' 
"'. ,...... 

···········'}i, 
System Requinments Review (SRR) N/A 

Prototype Fabricated . N/A 

Prototype Testing Completed N/A 

Preliminary Design Review (PDR) N/A 

Criticll Design Review (CDR) N/A 

Hardware Fabrication Complete Suggested date 3/13/07 

Hardware Quail Acceptance Testing Complete Suggested date 4/11/07 

CertifICation Complete N/A 

SAR N/A 

FlIght Hardware Delivery 4/19107 

Milestones, along with subjective measurements, are to be used for measurin& performance. For 
schedule detail see Microsoft Project fde located on the eRA VE web site for this DO listed under 
the Government Cost Estimate below. 

Total Government Estimate for this DO: $ Option A 
N/A OptionB 
N/A OptionC 

TOTAL COST ESTIMATE FOR THIS DO: $(Contractor Complete> 

FEE: I (If Applicable) 

OPTION 1: £liLA (See Attachment 1) 

OPTION 2: ~ (See Attachment 2) 

Page4of9 



CREW, ROBOT' AND VEHICLE EQUIPMENT (CRA" CONTRACT 
DELIVERY ORDER II: CRAVE-EC-023 

85 FOOT SAFETY TETHERS 

DATA REOUIREMENTS 

1. SCALED ROWS NEED NO 
2. ON ALL OTHER ROWS, IF NECESSARY, FILL IN ADDITIONAL 

RQlwn;IDI~LI'{ERIES IN LAST COLUMN. 

Y 

N 

N 

N 

N 

N 

Once wJRcvisions 
or 10"'{' effort (due w/DO proposal, 

Schedule updates & details N 
provided as DO 

progresses) 

N 

N 

As Required Y 

N 

N 

Page 6 of 10 
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CREW, ROBOT' AND VEHICLE EQUIPMENT (CRA« CONTRACT 
DELIVERY ORDER N: CRAVE-EC-023 

85 FOOT SAFETY TETHERS 

N 

N 

Drawing Change 
AsRcquired N 

N 

N 

Code AsRcquired N 

Attachment 

Tcchnology (11) J-4 

Program Plan andRcports JPG2810.1 Due 30 days 
after DO 

award 

Plan N 

Report N 

Analysis AsRcquired N 

Data Package OneTime y 

Page? oflO 

EEEparts 

Supplied for each 
Flight Units 



CREW, ROBOTI AND VEffiCLE EQUIPMENT (CRA' CONTRACT 
DELIVERY ORDER II: CRAVE-EC-023 

85 FOOT SAFETY TETHERS 

Yearly 

N 

AsRequiml Y 

AsRequiml N 

As Required N 

N 

As Required N 

OneTime N 

As Required N 

As Required N 

As Requited y 

As Required y 

y 

N 

Page 8 of to 
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CREW, ROBOTI AND VEHICLE EQUIPMENT (CRA« CONTRACT 
DELIVERY ORDER N: CRAVE-EC·023 

Data Package 

and Acccptancc 
Document 

ISystcml Safety Plan 

1R-<:~ityPlan Template 

85 FOOT SAFETY TETHERS 

N 

N 

N 

OneTime N 

N 

AsRequiml N 

Montbly Y 

Page 9 of 10 

AttKbment 
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Attacbment 
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CREW, ROBO!~ND VEHICLE EQUIPMENT (CRAt) CONTRACT 
DELIVERY ORDER 1#: CRAVIkEC.023 

85 FOOT SAFETY TETHERS 

GQVERNMENT FURNISHED PROPERTY • The list of items below will be provided as 
Government Furnished Property. I 

Item Part Number Quantity Value 

Short Clamp (vibe fIXture) SOG36146611·001 1 $2000 each 
Long Clamp (vibe fixture) SOG36146612·001 1 $2000 each 
Load Alleviating Straps (LAS) [wi small hook SEG331 0&456-703 214* $6000 each 
installed] 
lallie Crew Hook SEG331 08084-307 214* $5500 each 
Altered·item Cable Assembly Safety Tether- S00331 05075-004 5** $150 each 
ERCM 
Stainless Steel Cable M83420/2-004 1 spool ** $0.701ft 

*Depending on the number of units built. (i.e. Each 85ft Safety Tether will require qty 1 ea LAS 
wi small crew hook installed & qty 1 large crew hook). A class m LAS with "fixed-stitches", 
and one each small and large crew hooks class III, will be installed by NASA after delivery of 
the trainer 8S Foot Safety Tether reel subassy. 

UGovernment will provide readily available cabling in inventory; however, contractor should 
consideration procurement of additional components when developing their propsals. One spool 
of stainless steel cable (pIN: M83420/2·004 LIN: COI08690) with approximately 200 feet will 
be provided, currently at JSCbuilding 10 bond room. This lot of stainless steel cable has been 
lot tested per TPS 1# E60620253. An additional spool (PIN: M83420/2-004 LIN: C0107744) 
with approximately 200 feet will be provided for the Class m unit, and is currently at JSC 
building 7 bond room. This secondary spool has not had a lot test performed, and is not required 
for the Class m unit. 

Page 10 oflO 
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NoIIioMI I and 
L,..cIon B. Job,*", Spaca Cent..- ORDER FOR SUPPLIES OR SERVICES Page 10f 10 
Houlton, TX 77051 

~ 1. Order No. 2. Date 01' Order NOTE: MARK ALL PACKAGES AND PAPI;RS WITH ORDER NO. 
NNJ05HB-40B, CRAVE·EC·D023 See Block 10 Below 

vef\lII~ for I under DPAS (15CFR 700) 
3. Issuing Office: 4. Sh~.TO: 

NASA Johnson Space Center, 2101 Nasa Parkway I,u" Olficer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org'/Buyer: BH2iMlrv Thorn .. Houston, TX 77058-3696 

Mark For. Accountable Property 

Tel No.: 281-"83-11828 Fax: 2§l-483-4173 Order No.: NHJ!!§!::!B-40B, !;lRAVE.!;Q·g023 
I:,-mail: .. "."" nn. 

5. Cum, u".u,. 6. Deliver On or Before: 3/1107 to 6119/07 

F.O.B. Point: DESTINATION 
Oceaneerlng Space Systems 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: (281) 228-5371 x Fax: (281)2~ NASA Johnson Space Center 
Attn: LF2311Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE-EC-D023 

8. Type of Order: 

0 PURCHASE: Please furnish the following in D DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is sUblect to 
Reference: __ instructions contained on this form and is issued subject to he 

terms and conditions of contract number. __ 

9. Written ,,,.I ofthis order by \N"" a ... vI [0. I is!.I181 tis not 10. Name: Ronald Johnson 
required. Sign below if required and retum to contracting olficer. 

Signature: flYk ~:ll aJ 7M ANI. 

Name: __ (Person authorized to sign) 

Dateds/Ol Signature: Date: --
, vV'" , I'< 'v Y. ""_ JI"I"' .... <;I'< 

11. ~~h ..... "I .. 'I 
ITEM 

DESCRIPTION 
QUANTITY 

UNIT 
UNIT QUANTITY 

NO. ORDERED PRICE 
AMOUNT 

ACCEPTEO 

CRA VE·EC·D023 • 85 FOOT SAFETY TETHERS 

1 The contractor shill perform and deliver to all reqUirements of CRAVE· Lot 04 EC-D023 IS described In the Siltement of Work. . 
Period of Performance: 3/1/07 to f5119/07 

This Is a Firm Fixed Price Del/very Order. 

12. For JSC ..... " "a, Use Only. 13. Total 
Requisition No.: NIA 0 COMPo 0 PART. PPC: --
RissueTo: I;Q[.!Q§ Gensler, x30025 

$ 263,225 

14. ('III , in vv,u"n' Have .!!.een 
0 INSPECTED O· ACCEPTED . 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Date 
JSC Form 14211 (Rev Novern ..... l0, 2(04) (MS WonI August IIll15) 



·' A- i 
N.Hon.I AMonautlcs and Space Mrnlnlelr.tlon -Lyndon B. Johnson Spa.,. Center ORDER FOR SUPPLIES OR SERVICES Page 10f 10 
HauIIon, TX 77051 

• 1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJOSHBo4OB, CRAVE-EC-D023 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Office: 4, Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2!Mlry Thomn Houston, TX 77058-3696 

Mark For: Accounblble Property 

Tel No.: 2aj-483-1!82!! Fax: 2aj-483-417~ Order No.: NNJQ§HB040B. CBAVE-t;C-g023 
E-mail: marv.U l,aov 
5. Contractor: 6. Deliver On or Before: 311107 to 6119/07 

F.O.B. Point: DESTINATION 
Oceeneerlng Space Systems 
16665 Space Center Blvd 
Houston, TX 77058 ' 

Discount Terms: Nat 30 Days. 

7. BILLING ADDRESS: 

Phone: (281) 228-5371 x Fax: (281) 228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE-EC-D023 

8. Type of Order: 

0 PURCHASE: Please furnish the following In D DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is sUblect to 
Reference: __ instructions contained on this form and is Issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptance ofthis order by contractor [0 1 is, [1811 is not 10. Name: Ronald Johnson 
required. Sign below if required and raturn to contracting officer. 

0/ ? Name: __ (Person authorized to sign) 

Signature: Date: -- Signature: frvt.t ",ai UJ 1M" "A Dated.slV7 
, vUN I t<AC ~GOFFICER 

11. Schedule (I 

IlEM DESCRIPTION 
QUANTITY 

UNFT 
UNFT QUANTITY 

NO. ORDERED PRICE 
AMOUNT 

ACCEPTED 

CRA VE-EC-D023 - 85 FOOT SAFETY TETHERS 

1 The contractor shan perform and deliver to all requirements of CRAVE- Lot 0't EC-D023 as deecrlbed In the Statement of Work. 
Period of Performance: 311107 to 6119107 

Thts is a Firm Fixed Price Delivery Order. 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
RissueTo: EC/Joe Gensler. x30025 

$ 263,225 

14. Quantities in "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT, 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 14211 (Rev November 10, 2004) (MS WOld Augualll1115) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

LYNDON B. JOHNSON SPACE CENTER 
HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

Oceaneering Space Systems, Inc. 
Contract NNJ05HB40B 

Task Order Number Revision Number Purchase Request Number 

22 8 Funded at Contract Level 

SOWWBS Fiscal Year Technical MonitorlDivisionlExtension 

FY09 COTR: Ralph MaraklEC ext:3-9144 

Task Qrder Title 
Manufacture of Fluid Line Repair Components (FLRC) I 

Flight Hardware & Certification of Smart Seals 

Descrintion/Purnose 

The purpose of this delivery order revision is to extend the period of performance from April 15, 2009 
to September 30, 2009. The tasks required for this revision is identified in the Oceaneering Space 
Systems letter, CNTR-109-09; and the associated ROM cost are $116,686. 

Previous Revisions Action (Rev 8) Task NTE Value 

Cost t4 h+ ?~ . -- .. _. 

I 
Fee I 

Total $ 1,781,069 I $ 116,686 $1,897,755 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 
Contracting Officer /' Si, rrature Date 
Ronald Johnson Krf)V10rY ( 1fT ,/,(\ /I f1/r.. t./ 1!~/6q 

Page 1 of 1 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

Oceaneering Space Systems, Inc. 
Contract NNJ05HB40B 

Task Order Number Revision Number Purchase Request Number 

22 7 Funded at Contract Level 

SOWWBS Fiscal Year Technical MonitorlDivision/Extension 

FY09· COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 
Manufacture of Fluid Line Repair Components (FLRC) I 

Flight Hardware & Certification of Smart Seals 

Descriotion/Purpose 
. 

The purpose of this delivery order revision is to execute a no-cost extension. The period of 
performance shall be extended from February 27, 2009 to April 15, 2009. 

The contract value remains unchanged. 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 
Contracting Officer /J '" S1,attlre 

Ronald Johnson 

Page 1 of 1 

Date 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABl;iIINDEFlNl~DELIVERY 
INDEFINITE--QUANnf'f (IOtO) TASk ORDER 

Oceaneerlng S~ Systems, Inc. 
Contract NIifJo5Ji840B 

Task Order Number Revision Number Purchase Request Number 

22 

SOWWBS 

6 Funded at Contract Level 

Fiscal Year Technical MonitorlDivisioniExtension 

FY09 COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 
Manufacture rI Fluid line Repair Components (FlRC) I 

Flight Hardware & Certification of Smart Seals 

PescriotionIPurpose 

_ ,.J.he.,purposa.oUhis.dalb/&ql.ocder.re\lision is.to.execut&.a . .QO.CQSt.extension. ... Ttle.periotjof ...• "._,.,,,.,. " 
performance shall be extended from January 30, 2009 to February 27, 2009. 

The contract value remains unchanged. 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 
Contracting Officer SiQnJJtul8 

Ronald Johnson 

P.gelofl 

Date 



National Aeronautics ond Spo .. 
Lyndon B. Johnson Spo .. Center 
H<Kurton,TX 77CJ58 

ORDER FOR SUPPLIES OR SERVICES Page 10f 1 

See Block 10 Below 

NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
org.lBuyer: BH2!Mary Thomas 

Oceaneering Space Systems 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: (281) 22t!-5371 x 

TIN: 95-2828227 

8. Type of Order: 

Fax: 281-244-0995 

Fax: (281) 228-5545 

CAGE CODE: 2F282 

o PURCHASE: Please furnish the following in 
accordance with the conditions specified on this order. 
ReferencB: __ 

Written 
required. Sign below if required and return to contracting 

Name: __ (Person authorized to sign) 

Signature: __________ Date: 

ITEM 
NO. 

OESCRIPTION 

NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

TrflnSIPo~tatilon Officer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For. Account,ble Property 

Order No.: NNJ05HB40B CRAVE D022R5 

6. Deliver On or Before: 3(}2jQ7 through 01130/09 

F.O.B. Point: DESTINATION 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 

D 

NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: NNJ05HB40B, CRAVE D022R5 

DELIVERY: Except forthe Terms and Conditions of Purchase 
Order listed on the following page, this delivery order is subject to 
instructions contained on this form and is issued subject to the 
terms and conditions of contract number. __ 

10. Name: Ronald Johnson 

UNIT 
UNIT 

PRICE 
... MOUNT 

MANUFACTURE OF FLUID LINE REPAIR COMPONENTS (FLRC) 

FLIGHT HARDWARE AND CERTIFICATION OF SMART SEALS 

Revision 5 to DO 22 Is Issued to extend the completion date to 01/30/09 
at no additional cost to the government. All other terms and conditions 
remain unchlnged. 

o COMPo 0 PART. PPC: 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE ATJSC UNLESS 
OTHERWISE NOTED. 

JSC Fonn 10429 (Rev November 10, 20004) (MS Word August 1995) 

RECEIVED 

BY: 

U.S. Government 

$ NTE 1,781,069 NTE 



ORDER FOR SUPPLIES OR SERVICES Page 10f 1 

NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

, .... ,'" 'Il OffICe: 
NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2IM.rv Thomas 

Oceaneerlng Space Systems 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: (281) 228-5371 x 

Fax: 281-2+1-0995 

Fax: (281) 228-5545 

TnlnSIPo~tatllon Omcer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Aceountlble Property 

Order No.: NNJ05HB40B, CRAVE D022B1 

6. Deliver On or Before: 3/?2I07 through 11121/08 

F.O.B. Point: DESTINATION 

Discount Terms: Net 30 Days. 

7. tlIL,LINl:i ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 Order No.: NNJ05HB40B, CRAVE D022R4 

8. Type of Order: 
o PURCHASE: Please furnish the following in 

accordance with the conditions specified on this order. 
Reference:__ ' 

o DELIVERY: Except for the Terms and Conditions of Purchase 
Order listed on the following page, this delivery order Is subject to 
instructions contained on this form and is issued subject to the 
terms and conditions of contract number: __ 

Written acceptance ofthls 
required. Sign below if required and return to I'nr.t,,,Mirln 

Name: __ (Person authorized to sign) 

Signature: Date: 

OESCRIPTION 

MANUFACTURE OF FLUID LINE REPAIR COMPONENTS (FLRC) 
FLIGHT HARDWARE AND CERTIFICATION OF SMART SEALS 

Revision 4 to 00 22 Is Issued to extend the completion date to 11121/08 
at no additional cost to the government. The extension is required to 
.lIow OSS to COlTect the problems .ssoclated with their thermal 
Chambers and the 1.0 Sm.rt Se.1 problem. 

10. Name: Ronald Johnson 

Signature: ~~~~~~~~~~ Date: u/sLo 8' 
QUANTITY 
OROERED 

UNIT 
UNIT 

PRICE 
AMOUNT 

QUANTITY 
ACCEPTED 

o COMPo 0 PART. PPC: 

TO CONFORM TO THE CONTRACT. 
, ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 

$ NTE 1,7111,069 NTE 

RECEIVED 

BY: 

Date 



ORDER FOR SUPPLIES OR SERVICES Page 10f I 

See Block 10 Below 
NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

NASA Johnson Space Center, 2101 Nasa Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BH2!Mary Thomas 

Oceaneering Space Systems 
16665 Space Center Blvd 
Houston, TX 77058 

Phone: (281) 22S-5371 x 

TIN: 95-2628227 

8. Type of Order: 

Fax: 281-24+0995 

Fax: (281) 228-5545 

CAGE CODE: 2F262 

T ... n .. 'nnrh,ti,nn Ofticer, Building 421 
Johnson Space Center 

Houston, TX 77058-3696 
Mark For. Accountable Property 

Order No.: NNJ05HB4QB CRAVE DQ22R3 

6. Deliver On or Before: 3J22J07 through 8l29!O8 

F.O.B. Poin1: DESTINATION 

Discount Terms: Net 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 
Order No.: NNJ05HB40B, CRAVE D022R3 

o PURCHASE: Please furnish the following in 
accordance with the conditions specified on this order. 
Reference:_ 

o DELIVERY: Except for the Terms and Conditions of Purchase 
Order listed on the following page, this delivery order is subject to 
instructions contained on this form and is issued subject to the 
terms and conditions of contract number. __ . 

J is, 
required. Sign below if required and return to contracting ofticer. 

Name: __ (Person authorized to sign) 

Signature: __________ Date: 

DESCRIPTION 

MANUFACTURE OF FLUID LINE REPAIR COMPONENTS (FLRC) 
FLIGHT HARDWARE AND CERTIFICATION OF SMART SEALS 

Revision 3 to DO 22 Is Issued to change the completion date of the DO 
from 5130108 to 8/29/08 at no additional cost to the government. The 3-
month extension Is to allow for the changes to the Qualification and 
Acceptance verifICation methods of the Smart Seals flight and qual unit. 
All other terms and conditions of the delivery order remain the same. 

10. Name: Ronald Johnson 

o COMPo 0 PART. PPC: 

INSPECTED ACCEPTED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

JSC Form 1429 (Rev November 10, 2004) (MS Word August 1995) 

FOR: EC/Ralph Marak. 39144 

RECEIVED 

BY: 

Authorized U.S. Government 

$ 0 

$ 1,7111,069 NTE 

Date 



\ 
,. 

I Nat_I, S.,..,. Adminlmndlon 
, Lyndon B. Joh...,., S.,..,. Center ORDER FOR SUPPLIES OR SERVICES Page lof 3 

HoI*oo, TX n05ll 

t Order No. 2. Date 0" Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05H8<40B, CRAVE D022R2 See Block 10 Below 

I"' ..... iflowj for I under DPAS (15 CFR 7OOUJO-CI! 
3. Issuing Office: 4. Sh.!.r'To:. . . 

NASA Johnson Space Center, 2101 Nasa Parkway Transportation Officer, Budding 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2!Mary Thoma Houston, TX 770~96 

Mark For: Accountable Property 

Tel No.: 2!!1~211 Fax: 2!!1-<t113-41Za Order No.: t:!I!~'!!Xit:!!Ml1a, QRAV!; QQ22B2 
E-mail: mllnl' 

5. lIomr""'UI. 6. Deliver On or Before: 3122!07 through 5/30/00 

F.O.B. Point: DESTINATION 
Oceaneering Space Systems 
16665 Space Center BlVd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: (2111) 228-5371 x Fax: (2111) 22!!-S545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE D022R2 . 

8. Type of Order: 
, 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is sUblect to 
Reference: __ instructions contained on this form and is issued subject to he 

terms and conditions of contract number: __ 

9. vvrmen .. v.l ofthis order by ~"UYv.v;Jg.l is, tis not 10. Name: BQn!i!ld John!!on 
required. Sign below if required and return to contracting officer. 

Name: __ (Person authorized to sign) 0 'nCJaJAA Date: J..:J/.J.4~ Signature: Date: Sigll"" --
vUN I r'V\1I J\l1"~ _, , :--" , 

11 ~"h..n"I .. V 
ITEM QUANTITY UNrr QUANTI1'" 
NO. 

OI;SCRIPTION 
ORDERED 

UNrr 
PRICE 

AMOUNT 

MANUFACTURE OF FLUID LINE REPAIR COMPONENTS (FLRC) 
FLIGHT HARDWARE AND CERTIFICATION OF SMART SEALS 

1 DO 22R2 is Issued to revise !be deliverable dale. All changes have been $ 0 Vertically bar-marked In the attached SOW rapt_ment pages. 
All other terms and conditione of !be delivery order remeln the same. 

I~ 

12. For JSC ,,,,.,11,021 Use Only: 
" 

13. Total 
Requisition No.: NlA 0 COMPo 0 PART. PPC: r RissueTo: !;!;;/~Qe ~!!Dsl!![, ~QO:Z5 FOR: !;Q/Billl!l! M!i!rg!s. ~!i!l ~ 

$ 1,781,069 NTE 

14. n" ; in ,",uall"'1 ' Column Have I:!~n '. 0 INSPECTED O· ACCEPTED 0 RECEIVED 
I 

TO CONFORM TO THE CONTRACT. , 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Dale 
JSC Form 14211 (Rev NoVember 10, 2004) (MS Wont Aug"'" 1985) 



Pdiver'bIe'!fa1duett: 

Hardware 

MockUp 

Prototype 3/8", Y:z", and 3,4" Smart Seals lea 

Certification Upgrade prototypes to Class n after initinal 
testing and use for certification units 

2ca 
Tube Marker (PIN SEG33115315-302) 2ea 

Cutter- Small (PIN SEG33115291-301) 
Tube Cutter- Large (PIN SEG33115251-301) 

Flight Smart Sea1- 1.0" (pIN SEG33 I 17863-302) 2ea 

Smart Seal- 1-1/2" (PIN SEG33 I 15240-302) 
4ca 

4ea 

Training 

Other 

Test 

Software 

Other Products 

sgq;OYLE 

Start Date: January 9,2007 Finish Date: May 31, 200,' 

I 

" 

Pqe6ofl4 

NNl05HB40B 
0022R2 

Paae2of3 

12/31/07 

12/31/07 

12/31/07 I 

2/15/08 

2115/08 



Complete manufacturing 

ADP Complete 

Certification Complete 

Tube Marker and Cutten 
1.0" and 1-1Il" Smart SeaII 
Certified Detigu 318". % ... and % .. Smart Seal. 

%.. % .. 

7127107 

9/3/07 

4/3/08 

12/31107 
2/15108 
4/28108 

measurements, are to 

NNJOSHB40B 
D022R2 

Page 3 of3 

... performance. For schedule detail see Microsoft Project file located on the 
for 

TOTAL COST ESTIMATE FOR THIS DO: 

FEE: 

OPTION 1: (See Attachment 1) 

OPTION 2: 1lflA (See Attachment 2) 

, 

'. 

Page 7ofl4 
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" 
Nlllon81 Atronautlcs and Space Adminislnollon 

ORDER FOR SUPPLIES OR SERVICES Page 10f " 
Lyndon II. JolIn.", SplICa Canter 
Ho_, T)t 77061 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. NNJOSHI!«lB, CR ... VE 0022Rl See Block '0 Below 
Certified for Nltionll Defense under DPAS (15 CFR 700) DO-C9 . 3. Issuing OtrlCe: 4. Ship To: 

NASA Johnson Space Center, 2101 Nau Parkway Transportation Ofticer, Building <421 
Houston, TX 77058-3696 NASA Johnson Space Center 
OrgJBuyer: BH2lMlrv Thomas Houston, TX 77058-3696 

Mark For: Accountlble Property 
Tel No.: 2Dl=93=M20 Fax: 2!!l :!IlHl73 Order No.: t:lt:lJQlil:la4Q1S 'BtlllE oemS! E-mail: .... rv f , ''''v 
5. Contractor: 

6. Deliver On or elfore: 3/2?J07 through SI3O!()a 

F.O.B. Point: DESTINATION Ocean .. rlng Space Systems 
16665 Spice Center Blvd Discount Terms: Net 30 Days. Houston, TX 77058 

7. BILLINGAODRESS: 
Phone: (2e I) 228-5371 x Fax: (281) 228-5545 NASA Johnson Space Center 

Attn: LF231/Accounts Payable Group 
Houston, TX 7705&-3696 TIN: 9!-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, eRA VE D022Rl 

8. Type of Order: 
0 PURCHASE: Please furnlsh'the follO~ in 0 DELIVERY: Except for the Terms and Conditions of Purchase accordance with the conditions specifi on this order. Order tisted on the followin$l page, this delivery order is Subject to Rlferenct: __ instructions contained on thiS form and is issued subject to h. terms and conditions of contract number. _ 

9. Written acceptance of thil order by contractor [~ J Is, [0 1 is not 10. Name: RODII!! ~1!!lIll2Q requiredlJs:/el~ fiii.;d and return to contracting offtcer. 

Signature: f Q'YnA fl.J/ J 
7 

Ao 

Name: r~~son a O'fl~) 
Date:~/;/ Signature: ',4 AI, lilL' Date:71t,f/~7 . '/ CO_N1 RACTI'i I1~FFICER 

11. Schedule f/ ITEM 
OESCRlPfION QUANTITY 

UNIT UNIT 
AMOUNT 

OUANl'ITY NO. 
O~DEREO PRICE ACCEI"TE!O 

M"'IWFACTURE OF FLUID LINE REPAIR COMPONENTS (FLRC) 
FLIGHT HARDWARE AND CERTIFICATION OF SMART SE ... LS 

1 The Conlraclor shall perform and deliver 10 all requirements Of CRAVE 
Lot JA 0022R,· for the Manufacture of FlRC Fllghl Hardware and Certiroc;mon of Smart Suls as described in the attached Statement of Work. 

(Continued next page) 

12. For JSC Internal Use Only: 
13. Tot., Requisition No.: ~ 0 COMPo 0 PART. PPC: __ 

$1.259.4~2.( RissueTo: EClJo! Gen§l!r, 1.!30025 FOR: f;;C/Rj!11ID M.ri!k 391 .... 
o 

14, Quantities in "Quantity Accepted" Column Have Been o INSPECTED 0 ACCEPTED 0 RECEIVED 
TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: OTHERWISE NOTED. 

Authorized U.S. Governmenl Repr.l!nlalive Dale JSC Fo,m ,.2. (R .. No •• mlre, 10, 2004) (MS Word Aug .... 1'") 



Order No.: CRAVE D022R1 O~ER FOR SUPPLIES OR SERVIC: 
PAGE 2 of16 

(CONTINUATION SHEET) . 
SCHEDULE 

ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 
ORDERED PRICE ACCEPTED 

RECAP OF 
DELIVERY ORDER VALUE: 

Cost Fee Total 

Base: 

J?t 104 IJt 
Rev 1 

CUM TOTAL: $1,6511,438 $122,631 $1,781,069 

, 

JS 1 C Fonn 42Q (Rev Novlmbl, 10,2004) (MSWord August 19Q5J 



CREW, ROBOtCS AND VEmCLE EQUIPMENT (A) CONTRACT 
DELIVERY ORDER Ii: CRA VE-EC-022. Rev. 1 

Manufacture of FLRC Flignt Hardware and Certfication of Smart Seals 

PROPOSAL INSTRUCTIONS: _ DRAFf - COMMENTS DUE BY: 12120/06 COB 
, X FINAL - PROPOSAL DUE BY: 1112107 COB 

DO TITLE: Manufacture of Flight Tube Marker and Tube Cutters 

DO Type: -L- CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Ralph J. Marak 
DO Manager: Ralph J. Marak 
DO Mgr. Alternate: Joe Gensler 

Concurrences: 

Harold Reimers 

Phone: (281) 483-9144 
Phone: (281) 483-9144 
Phone: (281) 483-0025 

Ralph J. Marak 
DO Manager DO Mgr. Management 

Joe Gensler 
COTR 

-Ralph J. Marak 
Division TMR 

Steve Miller 
S&MA 

Task Contains Flight Hardware, Flight Software or GSE? 

Program Supported: _Shuttle ...x...ISS X EVA _Advanced -
-------,-"'---, -------, ---,--------------
WBS: ~ 1.0 EVA 2.0 FCE 3.0EVR ECLSS 5.0ATCS 6.0 
CReCS 

For purposes of complying with FAR 52.232-22, Limitation of Funds, the total amount allotted by 
the Government to contract is specified in clause B.6, Contract Funding. The fUnding listed in B.6 is 
the amount allotted for all Delivery Orders on the contract combined. 

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict 
between the contract and this Delivery Order, the contract shall prevail. 

Page 1 of14 



e·. CREW, ROBOTICS AND VEmCLE EQUIPMENT (C~) CONTRACT 
DELIVERY ORDER #I: CRA VE-EC-022, Rev. 1 

Manufacture ofFLRC Fligut Hardware aud Certfication of Smart Seals 

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown 
above and in the contract within Section C. Table 1. 

Page 2 of14 



e •. 
CREW, ROBOTICS AND VEIDCLE EQUIPMENT (~) CONTRACT 

DELIVERY ORDER II: CRA VE-EC-022, Rev. 1 
Manufacture ofFLRC Flignt Hardware and Certfication of Smart Seals 

Narrative Task Description 

Background 'Problem Description: 

1.0 Objective 
The objective of the Delivery Order is the fabrication, test, and delivery of the 
following items of the Fluid Line Repair Components (FLRC): 

• 2 each Tubing Cutter, Sman (PIN SEG33115291-301) 
• 2 each Tubing Cutter, Large (PIN SEG33115251-301) 
• 2 each Tubing Marker (PIN SEG33115315-302) 
• 4 each 1.0" Smart Seals (PIN 
• 4 each 1-1/2" Smart Seals (PIN 
• Certification of the 3/8", W', and %" Smart Seals 

2.0 Background 
The Fluid Line Repair Components (FLRC) provides operational performance to 
address leaks in the ISS Active Thermal Control System (ATCS) caused by 
micrometeorite impact, weld failure or a defective Quick Disconnect. The fluid line 
sizes to be addressed by the FLRC are 114", 3/8", 112",3/4", I" and 1-112" outer 
tubing diameter manufactured from CRES 316 stainless steel. 
The FLRC hardware consists of three separate components: 

• Tube cutter, Large and Sman 
• Tube marker 
• Smart Seal Assemblies to fit each tubing size 

The FLRC Tube Cutter is used to create a clean cut in a failed line, in preparation for 
a repair installation. The Tube Cutter cold forges material on the edge of a sharp 
rolling surface. This operation leaves a clean external fluid line slJfface with a slight 
lead-in angle appropriate to the subsequent seal assembly installation. The cutter 
incorporates numerous EVA interface design features, including soft and hard dock 
features for attaching the cutter to the tube, an indexing cutting head and drive train 
so that with input from a single power tool cuts the tube. Two sizes of cutters are 
provided: a Sman Tube Cutter (PIN SEG33115291-30 1) for cutting tubes from 114" 
through 3/4" in diameter; and a large cutter (PIN SEG33115251-301) for cutting 
tubes from 1" through 1-112" in diameter. The cutting wheels for each of the cutters 
will be provided as GFP. 
The FLRC Tube Marker (PIN SEG33115315-302) is intended to aid a crewmember 
in determining the exact location to insert the Smart Seal Assembly onto a fluid line 
stub. The insertion distance is critical to ensure a proper seal engagement depth. The 
indicator is locked in place until the marker is placed firmly onto the fluid line. 
Afterwards, the indicator win be moved out of the way so the smart seal assembly 
can mate to the marker. This provides a positive indication to the crewmember that 
the fluid tine/seal engagement is correct. Also, the Marker provides the Smart Seal 
with an anti-rotation feature that helps the Smart Seal stay in place when crew 

Page 3 of14 



· e . .' 
CREW, ROBOTICS AND VEIDCLE EQUIPMENT (~) CONTRACT 

DELIVERY ORDER ##: CRA VE-EC-022, Rev. 1 
Manufactu~e of FLRC Flignt Hardware and Certfication of Smart Seals 

attempts engaging the bolt head on the seal with a socket extension. (NOTE: During 
the design of the 1-1/2" Smart Seal, it was determined that the Tube Marker was not 
positioning the seal in the proper location on the tubing. To correct the problem, a 
change to the Tube· Marker is being implemented to add an additional tab of 
approximately 314 "to the arm. This design change will be completed by 01/15/2007. 
Fot the purposes of this DO, cost will be based 
on the design that is shown in the referenced drawing.) 
The Smart Seals are used to provide either a plug to cap off' a fluid line that has that 
has been prepared for repair or included in a repair assembly to facilitate a 
permanent repair to the fluid'line. The Smart Seal operates by taking torque input 
from an EVA tool like the PGT to set a polymeric seal ring and collapse a set of 
mechanical slips against the OD of ISS tubing. These two functions re-establish a 
very low leakage rate and structurally sound tube connection. The -301 is an open 
stub end designed for welding to a higher assembly whereas the -302 is a standalone 
assembly to be used as a line plug since it has a blind stub end. The Smart Seal will 
be used to create a larger repair assembly that may include Smart Seals, flex lines, 
hard lines, and QDs. The final design of the repair assembly depends on the location 
and will not be determined until an actual leak occurs. The Smart Seals that will be 
fabricated under this task is the -302 assembly. 

Task Description: 

The contractor shall provide personnel and facilities necessary for the manufacturing, 
testing and delivery of two each Tube cutter, Large and Small, two each Tube 
Marker four each Smart Seals (1.0" and 1-112"). The contractor shall also provide 
the personnel and facilities necessary for the certification of the 3/8", W' and W' 
Smart Seals. 
The tasks shall include: 
Flight Item Manufacturing 

1. Manufacture and inspection of each of the piece parts 
2. Updating of three drawings (if required) 
3. Assembly of the end items 
4. Acceptance testing of each end item per the requirements of the CARD (JSC-

47920B) 
5. Assembly of the Acceptance Data Packages (DRD 27) for each end item 
6. Delivery of the hardware to JSC 

Certification of Smart Seals 
, 1. Design, develop, test, and certify of the 3/8", W', and 34" Smart Seals that 

will be used for the repair of the ATCS fluid lines in accordance with the 
requirements that are identified in the Fluid Line Repair Kit CARD 
(JSC47920BO. 

2. Deliver certified designs of the 3/8", Yl", and %" Smart Seals. 
3. Deliver Training Hardware 

Page 4 of14 



CREW, ROBOfcs AND VEIDCLE EQUIPMENT (clVE) CONTRACT 
DELIVERY ORDER 1#: eRA VE-EC-022. Rev. I 

ManufacturtofFLRC Flight Hardware and Certflc:ation of Smart Seals 

Facilities for vibration and thermal testing at JSC will be made available for 
ai::ceptance testing, if required and identified. 

The drawings for these items are located in the JSC Engineering Drawing Control Center 
(EDCC). 

• Tube Marker (SEG33115315) 
. <http://edcc.jsc.nasa.gov/dbase/edrspub/repository/33/SEG33115315 C O.P 

DF> 
• Tube Cutter· Small (SEG33115291) 

<http://edcc.jsc.nasa.gov/dbaseledrspub/re.pository/33/SEG33115291 A O. 
PDF> 

• Tube Cutter-Large (SEG33115251) , 
<http://edcc.jsc.nasa.gov/dbase/edrspub/repository/33/SEG33115251 A O. 
PDF> 

• Smart Seal 1-1/2" (SE033115240) 
http://edcc.jsc.nasa.gov/edccsearch/getDetail.cfm?ID=33115240 

, 
• Smart Seal 1.0" (SEG33117863) 

http://edcc.jsc.nasa.gov/edccsearch/getDetail.cfin?ID=33117863 

Solid model of these items are available Qn CD in Pro-E, wildfire. version 1. 

Page 5 of 14 



CREW, ROBOtCS AND VEHICLE EQUIPMENT (A) CONTRACT 
DELIVERY ORDER II: CRA VE-EC-012. Rev. 1 

Manufacture or FLRC F1ipt U.rdware and Certfieati~n of Smart Seals 

DeliyerablesJProduc!s: 

Hardware 

MockUp 

Prototype 3/8", ~", and %" Smart Seals lea 

Upgrade prototypes to Class n after Certification and use for certification units 

TubcMarker(p/N SEG33115315-302) 2ea 11/15/07 
Tube Cutter- Small (PIN SEG33115291- 2ea 11115/07 
301) 
Tube Cutter- Large (PIN SEG33115251- 2ea 11115/07 

Flight 301) 
Smart Seal- 1.0" (pIN SEG33117863-302) 4ea 2115/08 
Smart Seal-l-lI2" (PIN SEG33115240- 4ea 2/15/08 
302) 

Training 

Other 

Test 

Software 

Other Products 

SCHEDULE 

Start Date: January 9, 2007 Finish Date: May 31, 2008 

Page 6of14 

I 



CREW, ROB'CSAND VEHICLE EQUIPMENT (c1VE) CONTRACT 
. DELIVERY ORDER II: CRA VE-EC-012. Rev. 1 

MaDuradure of FLRC Flignt Hardwate and Certf'ltatioll of Smart Seals 

Complete manufaeturinl 

ADP Complete 

Certification Complete 

Tube Marker and Cutters 
1.0" and 1-112" Smart Seals 
Certified Designs 3/8", *", and %" Smart Sem 

7127107 

913/07 

413/03 

measurements, are to 
measuring performance. For schedule detail see Microsoft Project file 
located on the CRA VB web site for this DO listed under the Government 

TOTAL COST ESTIMATE FOR THIS DO: 

FEE: (If App6cable) 

OmON1: (See Attachment 1) 

OPTION 2: 1.NL6 (See Attachment 2) 

Page 7 of 14 



CREW, ROBOtCSAND VEIDCLE EQUIPMENT (A) CONTRACT 
DELIVERY ORDER 1#: CRA VE-EC-Oll. Rev. 1 

Manufacture of FLRC Flignt Hardware and Certfication of Smart Seals 

DATA REQUIREMENTS 

N 

N 

y 

N 

N 

y 

y 

N 

Page 8 of 14 

lBalsellile scheduled 
loro¥idc:d at CDR 

in CARD 



CREW, ROBOtCS AND VEmCLE EQUIPMENT (clVE) CONTRACT 
DELIVERY ORDER If.: eRA VE-EC-Ol1, Rey.t 

Manufacture ofnRe Flignt Hardware and Certfication of Smart seWs 

N 

N 

y 

N 

N 

y 

N 

N 

N 

N 

Y 

Page 9 of14 
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CREW, ROOOtCSAND VElDCLE EQUIPMENT (A) CONTRACT 
DELIVERY ORDER II: CRA VE-ECQll. Rev, 1 

Manufacture ofFLRe Fligat Hardware and Certfication of Smart Seals 

Page 10 of14 



CREW, ROBOtCS AND VItMCLE EQUIPMENT (C~) CONTRACT 
DELIVERY ORDER II: CRA VE-EC-On. Rev. 1 

Manufacture of FLRC Flignt Hardware and Certfication ~t Smart Seals 

N 

y 

y 

y 

y 

N 

GOVERNMENT FURNISHED PROPERTY - The fist ofitems below win be provided ~ 
Government FurBished Property.· 

Item Part Number Quantity 

Cutting \/\/heel Soo33119047-oo1 8 

Page 11 of 14 
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Value 

$800.00 



CREW. ROBOtCS AND VEmCLE EQUIPMENT (A) CONTRACT 
DELIVERY ORDER N: CRA VE-EC-022. Rev. 1 

Manufadun ofFLRC Flipt Hardware and CertticatioD of Smart Seals 

ATTACHMENT 1 

The Government may exercise the option described below for the option value listed on the 
DO cover page by written notification to the contractor 15 days before the completion of the 
Basic delivery order requirement. 

I OPTION I TITLE: No Options are Anticipated 

I JIotkcrouad , ........... Descriptlo.. 

Task Description: 

Page 120f14 
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CREW, ROBoles AND VEmCLE 1!!QUIPMEN'l' (A) CONTRACT 
DELIVERY ORDER ##: CRA VE-EC-Oll. Rev. 1 

Manllf'a~ture ofFLRe Flignt Hardware and CertficatiC)n of Smart Seal. 

DeliyerablesIProdutts: 

Hardware 

MockUp 

Prototype 

Certification 

Flight 

Training 

Other 

Test 

Software 

Other Products 

Page 13 of 14 



• CREW, ROB.CS AND VEHICLE EQUIPMENT (alE) CONTRACT 
DELIVERY ORDER II: CRA VE-EC-022. Rev. 1 

Manufaeture of FLRC Flipt Hardware and Certftcation of Smart Seals 

Finish Date: 

• • 
• 
• • 
• Milestones, along with subjective measurements, are to be used for 

measuring performance. For schedule detail see Microsoft Project file 
located on the eRA VB web site for this DO listed under the Government 
Cost Estimate below. 

CHANGES TO Daps: NONE 

Page 14 of 14 



, ) 
.... ......... AemMutIcs and Sp11C8 AdmlnlMnlllon 

Lyndon IS. JaII_ Sp11C8 Cent.r ORDER FOR SUPPLIES OR SERVICES Page 10f 1 
HouIIon, TX 77061 
1. Order No. 2. Date of Order 
NNJ05HB«lB, CRAVE-EC-D022 See Block 10 Below 

3. ISlulng Office: 
NASA Johnson Space Center, 2101 Nala Parkway 
Houston, TX 77058-3696 
Org.lBuyer: BHWeD Thom. 

Tel No.: 281=483-M28 
E-mail: mmvJ. 
5. Contractor: 

.AU 

Oceaneering Space Systems 
16665 Space Center Blvd 
Houston,TX 77058 

Phone: (281) 228-5371 x 

TIN: 95-282&227 

II. Type of Order: 

Fax: 281 -483-4173 

Fax: (281) 228-5545 

CAGE CODE: 2F282 

o PlJRCHASE: Please furnish the following in 
accordance with the conditions specified on this order. 
Reference: __ 

NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 
4. Ship To: 

Transportation O1Iicer, Building 421 
NASA Johnson Space Center 
Houston, TX 77058-3696 
Mark For: Accountable Property 

Order No.: NNJ05H&1QB CRAVE-EC-D022 

6. Deliver On or Before: 302!07 through 111151fl1 

F.O.B. Point: DESTINATION 

Discount Teons: Nat 30 Days. 

7. BILLING ADDRESS: 
NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77056-3696 
Order No,: NNJ05HB40B, CRAVE-EC-D022 

o DELIVERY: Except for the Teons and Conditions of Purchase 
Order listed on the following page, this delivery order is subject to 
instructions contained on this foon and is issued subject to the 
teons and conditions of contract number: __ 

9. Written acceptance of this order by contractor 10 ) is, (181) is not 
required. Sign below if required and return to contracting otlicer. 

10. Name: Ronald Johnson 

Name: __ (Person authorized to sign) 

Signature: __________ Date: __ 

ITEM 
NO. 

11. Schedule 
. 

DESCRIPTION 

CRAVE-EC-D022 - FLUID LINE REPAIR COMPONENTS (FLRC) 
BUILD TO PRINT 

The contractor shall perform and deliver to all requirements of CRAVE 
EC-D022 • deacrlbed In the Statement of Work. 

Period of Performance: 3122/07 - 11116107 

Value Recap: Colt Fee Total 

1:>"\ 5521,587 

This ia II CPFF Order. 

12. For JSC Internal Use Only: 

Signature:~ 1\ a Ilfj ... " Date::id.o7 
, CONTRACT~G OFFICER 

QUANTITY 
ORDERED 

LOT 

UNrr UNIT 
PRICE 

AMOUNT 

13. Total 

QUANTIlY 
ACCEPTED 

Requisition No.: ~ o COMPo 0 PART. PPC: __ 

Rissue To: EC/Joe Gensler, x30025 FOR: EClRalph Marak, 39144 

14. Quantities in "Quantity Accepted" Column Have Been o INSPECTED 0 ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS 
OTHERWISE NOTED. 

BY: 

$ 521,587 

Authorized U.S. Government Repr_ntal\ve Date 

JSC Fonn 1421 (Rey Noyember 10, 2004) (MS wont Augu&! 1995) 



i~ 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

Oceaneering Space Systems, Inc. 
Contract NNJ05HB40B 

Delivery Order Number Revision Number Purchase ReQuest Number 

21 9 Funded at Contract Level 

SOWWBS Fiscal Year Technical MonitorlDivision/Extension 

FY09 
COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 

LIFE SUPPORT UMBILICAL SYSTEM 

Descrintion/Pumose 
The purpose of this revision is to correct and replace the delivery order recapitulation for 
revision #8 as shown below. 

Delivery Order 21 Value Recapitulation: 
This Action DO 21, 

Prior Reve Cum Value 
Cost .b; .b~ b1-
Fee - - .... ---
Total $ 5,735,553.00 ($ 936,829.00) $ 4,798,724.00 

mE CONTRACTOR IS NOT AUmORIZED TO EXCEED mE TASK ORDER VALUE 
SPECIFIED HEREIN. mIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 

Contracting Officer Signature Date 

Ronald Johnson .p lYHLJtli 1,,1.11> "'",J").,.. L/,--I. 
d 

Page 1 of 1 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

Oceaneering Space Systems, Inc. 
Contract NNJ05HB40B 

, 

Delivery Order Number Revision Number Purchase Request Number 

21 8 Funded at Contract Level 

SOWWBS Fiscal Year Technical MonitorlDivisionlExtension 

FY09 COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 

LIFE SUPPORT UMBILICAL SYSTEM 

Descrintion/Purnose 

The purpose of this revision is to: 1) change the period of performance from 10/16/2006-
09/01/2009 to 10/1612006 - 0610512009; 2) decrease the delivery order value by $1,036,175 as 
shown below; 3) notify the contractor that all deliverables/products after June 5,2009 shall be 
removed from the Delivery Order Description. 

Delivery Order 21 Value Recapitulation: 
This Action DO 21, 

Prior RevS Cum Value 
Cost bt 

--

Fee b</- ·b'f 
Total $ 5,735,553.00 ( $1,036,175.00) $ 4,69G,378.00 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 
Contracting Officer J SiigrlfJture Date 
Ronald Johnson KO?t.nUrl(l /rII j'JV1~ C,/,/O C; 

! 
I 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

LYNDON B. JOHNSON SPACE CENTER 
HOUSTON, TX 77058 

COST REIMBURSABLE INDEFINITE-DELIVERY 
INDEFINITE-QUANTITY (IDIQ) TASK ORDER 

Oceaneering Space Systems, Inc. 
Contract NNJ05HB40B 

Delivery Order Number Revision Number Purchase Request Number 

21 7 Funded at Contract Level 

SOWWBS Fiscal Year Technical MonitorlDivisioniExtension 

FY09 COTR: Ralph MaraklEC ext:3-9144 

Task Order Title 

LIFE SUPPORT UMBILICAL SYSTEM 

Description/Purpose 

CRAVE delivery order 21; revision 7 is issued to add and exercise option 5 and 6 as described in the 
revised statement of work. The delivery order value is increased by $1,270,620 from $4,464,933 to 

$5,735,553. 

The completion date is extended to 09/01/2009. 

Delivery Order 21 Value Recapitulation: 

Cost 
Fee 
Tota. 

Prior 

b'/-

$4,464,933.00 

This Action DO 21, 
Rev 7 Cum Value 

ldf bLf 

$1,270,620.00 $ 5,735,553.00 

THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE TASK ORDER VALUE 
SPECIFIED HEREIN. THIS IS A COST PLUS FIXED FEE TASK ORDER. 

NASA Approval 

Contracting Officer A A Sisnature 

Ronald Johnson 

( 
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NaIIoNoI MronaIullcs and Space Admlnlal .. 11on 
. , \ / 

Lyndon B. Johnson Spa .. Cenler ORDER FOR SUPPLIES OR SERVICES Page 10f 2 
HoIMton, TX 77051 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HBo4OB, CRAVE D021RII See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Office: 4. Ship To: 
NASA JohnsOn Space Center, 2101 Nasa Parkway Transportation Officer, Building ~21 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyar: BH2/Marv Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 2IIJ-483-882a Fax: 28J-2044-09i!§ Order No.: ~~'!Q:il:!a~B, QRAVE CQ2JB§ 
E-mail: maru , , nnu 

5. Contractor: 6. Deliver On or Before: 10!JE!IO!! 10 0j!29f09 

F.O.B. Point: DESTINATION 
Oceaneering Space Systems 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: (2111) 2211-5371 x Fax: (281) 2211-5545 NASA Johnson Space Center 
Attn: LF231/Accounti Payable Group 
Houston, TX 77058-3696 

TIN: 95-2828227 CAGE CODE: 2F2e2 Order No.: NNJ05HB40B, CRAVE D021R6 

8. Typ. of Order: 

0 PURCHASE: Please furnish the" following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the followinll page, this delivery order II sUblect to 
Reference:_ instructions contained on thIS form and Is Issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptance ofthis order by contractor [0 1 is, [1811 is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting officer. 

Name: __ (Person authorized to sign) 

Signature: e~ J1.1 ,,.},,, AlIII Date:WJof Signature: Date: -- CONTRACTI)H OFF CER 
11. Schedule 

ITEM 
DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO. ORDERED PRICE ACCEPTED 

LIFE SUPPORT UMBILICAL SYSTEM 

1 CRAVE DO 21, Rev 6 • Issued to exercise Option 4 for tasks described LOT .61 in the revised SOW. The DO vllue Is increlSed bv : .6"" 
: I to $4,484,933. 

The completion date 18 extended to 01/29/09. 

continued next page 

12. For JSC Internal Use Only: .. 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC:---,-

Rissue To: E:Q/Balllh Mara~ x3!!1~4 For: EQ/t:Jicole Jordiiln. x3!!127 
i $ NTE 4,464,933 

14. Quantities in "Quantity Accepted' Column Have Been } 

0 INSPECTED o ACCEPTED 0 RECEIVED , 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Repreeentalive Date 
JSC Form '''29 (Rev November 10, 2004) (MS Word AugUlll995) 
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~r No.: ,UllIi,;:I:,,·DQajSI ~ .-;:)ER FOR SUPPLIES OR SERVIa. -oJ PAGE 2 Of2 
(CONTINUATION SHEET) 

SCHEDULE 

ITEM DESCRIPTION ~~t:!!ITY 
ORDERED UNIT UNIT AMOUNT QUA.Nl'ITY 

PRICE ACCEPTED 

LIFE SUPPORT UMBILICAL SYSTEM 

00 21 VALUE RECAP: 

THIS ACTION 
PRIOR D021R6 CUM VALUE 

COST b'\- btl- b+ 
FEE 
TOTAL $3,296,743 $1,168,190 $4,<164,933 

THIS IS A CPFF DELIVERY ORDER 

-. 

,'j 

; 

~ 

JSC FOIIII14211 (ROY Nowmbor 10,2004) (MSWorti Auguot ll1U5) 
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,~Ional Aeronautics and Space Admlnlallallon 
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Lyndon II. Johnson Sp_ cent ... ORDER FOR SUPPLIES OR SERVICES Page 10f 2 
Houalon, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB~B, CRAVE D021R5 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Office: 4. Ship To: 
NASA Johnson Space Centet, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2/Mlrv Thomn Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281 =<403-8828 Fax: 281-483-0411~ Order No.: !lI!lIJ!!:it:lB~B CBA~!; QO~1B~ 
E-mail: mlrv.f.t " ... v 

5. Contractor: 6. Deliver On or Before: 1 0116106 to 01111/08 

F.O.B. Point: DESTINATION 
Oceaneering Space Systems 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: (281) 2211-5371 x Fax: (281) 228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2828227 CAGE CODE: 2F282 Order No.: NNJ05HB40B, CRAVE D021R5 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the fOIiOwin~ page, this delivery order is sUblect to 
Reference: __ instructions contained on th s form and is Issued subject to he 

terms and conditions of contract number: __ 

9. Written acceptance of this order by contractor [0 ] is, [1:81] is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting officer. 

Name: __ (Person authorized to sign) 

(2, nf2' II Date:#Or Signature: Date: -- Signature::cn" . Al ""'" 

CONTRAC ~NGOFFICER 
11. Schedule 

IlEM 
DESCRIPTION 

QUANTITY 
UNIT 

UNIT 
AMOUNT 

QUANTITY 
NO. ORDERED PRICE ACCEPTED 

LIFE SUPPORT UMBILICAL SYSTEM 

1 CRAVE DO 21, RlV 5 Is Issued to add the following tasks to the delivery LOT 10'1 
order: (1) temDerature control vllue. (2) crew evalultlons (3) aanaed va. 
muftlple connectors trade study, and (4) 314" breathing glS IVA end EVA 
hosl bundles. 

-- to Additionally, the 00 value is i. 
$3,296,743, and the period of performance Is extended to July i1, 2008. 

continued next page 
. 

12. For JSC Internal Use Only: .. 13. Total 
Requisition No.: ~ 0 COMPo 0 PART. PPC: 

RissueTo: EQ/Joe Gensler, ~30025 
i $ NTE 3,296,743 

For: EC/Nicoie Jordan, x39127 

14. Quantities in "Quantity Accepted' Column Have Been \ 

0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Dete 
JSC Form 1429 (Re. November 10. 2004) (MS Word AuQust 1995) 



.ler No.: !:<BAlli::li!<H!Q2jB§ \ . JRDER FOR SUPPLIES OR SER\ .,ES PAGE 2 of2 
(CONTINUATION SHEET) 

SCHEDULE 
ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 

ORDERED PRICE ACCEPTED 

LIFE SUPPORT UMBILICAL SYSTEM 

DO 21 VALUE RECAP: 

THIS ACTION 
PRIOR D021R5 CUM VALUE 

COST '1>~ "''' Iil'i 
FEE 
TOTAL $3,232,117 $6.,626 $3,296,743 

THIS IS A CPFF DELIVERY ORDER 

, 

., 

• 
JSC DIm 1421 .. F (R Nove mbor 1 20001 S A 0. ) (M Word ugust 19Q5) 
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l" NoItIonaI Aeronautics and Space Administration 'l Lyndon B. Johnson Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 36 
Houston. TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB.040B, CRAVE D021Ro4 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Ollicer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMarv Thomas Houston, TX 77058-3696 

Mark For: Account.ble Property 

Tel No.: ~1-48;l:8828 Fax: 281-4e3·417~ Order No.: ~NJ05HB.040!;! CRAVE D021Ro4 
E-mail: ~.rv naS •. DOV 

5. Contractor: 6. Deliver On or Before: 10113106 to 6127108 

F.O.B. Point: DESTINATION 
Oceaneering Space Systems 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: (281) 228-5371 X Fax: (281) 228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE D021R4 

8. Type of Order: 

0 PURCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order is subject to 
Reference: __ instructions contained on this form and is issued subject to the 

terms and conditions of contract number: __ 

9. Written acceptance ofthis order by contractor [0 ] is, [181 ] is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting ollicer. 

Name: __ (Person authorized to sign) 

Signature:-.ftnt ~J~.J,J 1 ... A .,., Date: J/.;ll/ O· ,. Signature: Date: -- , 
, ICONTRACT~rGOFFICep '/ 

11. Schedule 
ITEM 

DESCRIPTION 
QUANTITY 

UNIT 
UNIT 

AMOUNT 
QUANTITY 

NO. ORDERED PRICE ACCEPTED 

LIFE SUPPORT UMBILICAL SYSTEM 

1 CRAVE DO 21 , Rev 4 Is Issued to add Option 3 to the delivery order, LOT kff increase the DO value. and extend the period of performance. The SOW 
for Option 31s attached. 

RECAP OF VALUE: 
PRIOR THIS ACTION CUM VALUE 

COST \11' b4 .. -i.i'/"-FEE 
TOTAL $861,028 $2,371,089 $3,232,117 

PERIOD OF PERFORMANCE: 1011312006 - 0612712008 , 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0' PART. PPC: --
RissueTo: EC/Joe Gensler x30Q25 For: EC/Nicoie Jordan, x39127 -

$ NTE 3.232.117 

14. Quantities in "Quantity Accepted" Column Have Been 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1429 (Rev November 10. 2004) (MS Word August 1995) 



CREW, ROBaCS AND VEHICLE EQUIPMENT (c:~IlE) CONTRACT 
DELIVERY ORDER #: CRA VE-ECS-D021 

DO TITLE: Intravehicular Activity/Extravehicular Activity Life Support 
Umbilical System, Vehicle Interface Assembly, and Suit Connector Conceptual 
Development and Proto typing 

DO Type: --X-. CPFF FFP 

DO Contact Information in Addition to the CRAVE Contract Specialist or CO: 

TMR: Raul BlancolEC5 

DO Manager: Nicole Jordan/EC5 

DO Mgr. Alternate: Antja ChamberslEC5 

Phone: (281) 483-1601 

Phone: (281) 483-9127 

Phone: (281) 483-3683 

Concurrences: 

-ny;,h~ 
Nicole Jord nlEC5 nz 
Raul 'i:JIanco/EC5 
Division TMR 

RnA/~ 
Ron Johnson rf 
CRAVE CO 

Task Contains Flight Hardware, Flight Software or GSE? 

Joe GenslerlEC 
:·/COTR 

~e,~ 
Steve MillerlNT 
Safety 

Ye.s -X-No 

Program Supported: _Shuttle ISS X EVA X Advanced Cx POIEV A - - -
---------------------------------------------------------------------------------------------------------------

WBS: ll.O EVA 2.0 FCE 3.0 EVR ECLSS 5.0 ATCS 6.0 CHeCS 

For purposes of complying with FAR 52,232-22, Limitation of Funds, the total amount allotted by the 
Government to contract is specified in clause B,6, Contract Funding. Thefunding listed in B.6 is the 
amount allottedfor all Delivery Orders on the contract combined. 

All terms and conditions of the contract apply to this Delivery Order. In the event of a conflict between 
the contract and this Delivery Order, the contract shall prevail. 

WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown 
above and in the contract within Section C, Table 1. 

Page 1 of35 
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CREW, ROBor.CS AND VEHICLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER H: CRA VE·ECS·D021 

ATTACHMENT 3 

The Government intends to modify this contract by adding a third option. Please submit a written 
price proposal according to the work described in this document. Due to end of fiscal year 
schedule constraints, a price proposal is requested by Monday, September 17. 

OPTION 3 TITLE: Vehicle Interface Element Initial Capability Hardware Development 
to Preliminary Design Review 

Background I Problem Description 
After NASA has had time to evaluate the contractor's progress and design concepts from the 
options NASA will then decide whether or not to enact the additional contract option(s). Option 
3 of the contract will entail the development of the Vehicle Interface Element Initial Capability 
hardware, excluding the Orion Interface Subsystem Suit/Seat Interface Assembly, to Preliminary 
Design Review (PDR) maturity. This effort includes further design, analysis, fabrication, testing, 
delivery of prototypes, participation in a government-led PDR, transition of hardware 
responsibility, and provision of PDR documentation and data packages to support the 
government-led PDR. The fabrication of the prototypes will follow the design decisions made by 
NASA at the conclusion of the base contract, Options 1 and 2, and the requirements in CxP 
72007, Vehicle Interface Element (VIE) Element Requirements Document (ERD) Revision A 
Draft. 

Purpose of the Current Effort 
Following the conceptual design phase in the Base contract and Options 1 and 2 of this delivery 
order, it is desired by NASA for the design of the IV A Life Support Umbilical, EVA Life 
Support Umbilical, VMC, and SMC to be developed to PDR level. 

Hardware Classification 
During the execution of this DO, the hardware prototypes will be used for table-top testing and 
unmanned thermal vacuum chamber testing; however, it is expected that these prototypes will 
eventually be used during Neutral Buoyancy Laboratory testing and testing with oxygen enriched 
gas. These prototypes will not be used to provide life support to humans. This hardware is 
controlled equipment and classified as Special Test EquipmentlDevices (STEID) defined in NT
CWI-OOI "Task Performance Sheet" as "similar to GSE but have not had design and certification 
reviews. This equipment may be used in support of Class I, II, IIIW, and GSE checkout and 
service, but STEID will not directly interface with flight hardware." Prior to testing with oxygen 
enriched gas, portions of the umbilicals wetted with the oxygen enriched gas shall be cleaned to 
level 100A otherwise the prototypes shall be maintained Visually Clean (VC) as defined in JPR 
5322.IF, "Contamination Control Requirements Manual". 

Task Description 
Form Team 
The contractor shall form a team that has the personnel required to track and perform the 
required tasks defi1'l:ed in the contract. The team is to be limited in the number of people to those 
who are required to form an effective team and accomplish the design and performance 
requirements of the contract while minimizing the contract cost. The team shall solicit the input 
of expertise outside the team as needed to accomplish the task at hand. 

Page 2 of35 
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.. CREW, ROBaCS AND VEHICLE EQUIPMENT (CaE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC5-D021 

The contractor shall plan to accomplish the entire job without dependence on NASA effort, other 
than initial requirement input, NASA-specific knowledge, documentation, and the execution of 
the PDR. NASA's effort may provide expertise and additional depth of study but shaH not be 
planned into the critical path of the delivery order. 

Develop Task Assignments 
The contractor shall develop the appropriate task assignments for the design team. Since the 
exact nature of the expertise potentiaHy available from NASA is needed in order to do a 
complete plan, an adjustment to the plan provided in the contractor's bid is expected to formalize 
the NASA participation. This planning adjustment shaH not affect the scope of the contractor's 
work, but can increase or decrease the scope of NASA participation from that included in the bid 
plan tasks. 
Schedule Project 
The contractor shall develop a schedule detailing the contractor's project plan, design process, 
anticipated milestone dates, and performance metrics. Since the exact schedule availability of the 
expertise available from NASA which maybe needed in order to do a complete plan, an 
adjustment to the plan schedule provided in the contractor's bid is expected to formalize the 
NASA participation. This schedule adjustment shall not affect the scope of the contractor's work 
but can increase or decrease the scope of NASA participation from that included in the bid. 

Organizational Conflict of Interest (OCI) Plan 
Because this phase of the project requires a close working relationship with the EVA Project 
Office, Suit Element, Vehicle Interface Element, and Orion Project, during the time the 
ConsteHation Space Suit System (CSSS) contract is in the Request for Proposal (RFP) phase, an 
OCI agreement is needed. The contractor shaH develop an OCI A voidance Plan and submit it to 
NASA for approval before the option can be awarded. 

Perform Human Testing 
The contractor shaH execute two phases of testing with human test subjects. This testing shall use 
the umbilical and connector prototypes delivered to NASA as a part of Options 1 and 2 of this 
delivery order. The first phase shall evaluate the performance of the T-handle connector and the 
Circular QD connector and the second phase shaH evaluate the forces exerted on the crew by the 
umbilical in a simulated micro gravity environment. Each phase of testing shall include up to six 
crewmembers plus up to two engineering test subjects. A test report shaH be written after each 
phase (for a total of two test reports) per DRD T-023. These reports sha11 be delivered to NASA 
no later than 4 weeks after the conclusion of each test. These two phases of testing can be 
performed in paraHel and are described in Figure 1. 

The first phase of testing shall consist of a shirtsleeve test with one engineering and one crew test 
subject followed by a decision made in coordination with NASA on whether to proceed with the 
shirtsleeve testing or finish the testing with pressurized, suited test subjects. The contractor shall 
fabricate a method of firmly attaching the SMC to the shirtsleeve test subject such that the SMC 
is able to withstand the mating and demating forces with minimal movement. This method of 
attachment shall allow the SMC to be placed in the following locations: center chest, center 
waist, off-center waist, and thigh. This test shall be performed while the umbilical is pressurized 
to between 0.5 and 8 psig for the gas lines and up to 25 psig for the water lines. The contractor 
shall support each test with a test director. The contractor shall provide the equipment and 

Page 3 of35 



... .. 
CREW, ROB~CS AND VEHICLE EQUIPMENT (c:~lE) CONTRACT 

DELIVERY ORDER #: CRA VE-EC5-D021 

personnel to film each test and record test subject comments. If it is determined that shirtsleeve 
testing is of high enough fidelity to adequately evaluate the connectors, this testing will be 
repeated for the remainder of the test subjects. Ifit is determined that shirtsleeve testing does not 
provide the fidelity needed to evaluate the connectors, the remainder of the testing will be 
completed with the test subjects in pressurized suits. If this is the case, NASA will provide the 
means for attaching the SMC to the suit. 

The second phase of testing, done in parallel with the first phase, is also unsuited and uses 
NASA's Partial Gravity Simulator (POGO) facility. The purpose of this testing would be to 
understand the reaction forces an umbilical will impart on a crewmember in micro-g. The 
contractor shall fabricate a method of firmly attaching the SMC to the shirtsleeve test subject. 
This method of attachment shall allow the SMC to be placed in the following locations: center 
chest, center waist, off-center waist, and thigh. The contractor shall determine a method of 
hanging the umbilical such that its weight is relieved when the subject is using the POGO 
facility. This test shall be performed while the umbilical is pressurized to between 0.5 and 8 psig 
for the gas lines and up to 25 psig for the water lines. During the test, the subject will evaluate 
the forces imparted to them by the umbilical, but will not be actuating the umbilical connector. 
The contractor shall support each test with a test director. The contractor shall provide the 
equipment and personnel to film each test and record test subject comments. 

Initial shirtsleeve testing 
with pressurized umbilical -~ 
T-handle and Circular QD 

Initial POGO testing with 
I-----pressurized umbilical 

'. 
/ 'Is shirtsleeve " 

testing . 
realistic 

enough to give 
valuable 

" '. feedback? .' / 
/ 

"('NO 

Perform suited 
testing with 6 
crewmembers 

Refine test 
method -

Perform 
". ~ shirtsleeve testing 

with 6 
crewmembers 

Perform POGO testing 
with 6 crewmembers 

Figure 1 Human Testing Flow Chart 

Perform Umbilical Breakaway Capability Study 
The incorporation of a breakaway capability in the IVA LSU is currently an issue of debate. 
Current shuttle system umbilicals break-away with a specified tensile force even if the umbilicals 
are not disconnected. This capability enhances egress capabilities and prevents injury to the 
crew during egress as a consequence to fail to disconnect the umbilical. It also eliminates failure 
modes which could "tether" a crewmember to a vehicle in which he/she needed to rapidly egress. 
Current shuttle operations have demonstrated that pad crew commonly fails to remove the crew 
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CREW, ROBaCS AND VEHICLE EQUIPMENT (CaE) CONTRACT 
DELIVERY ORDER #: CRA VE-ECS-D021 

connections and would injure the crew or delay egress of the crew ifthe umbilicals did not have 
a breakaway feature. However, unlike the Shuttle ACES umbilicals, the IVA LSU will be used 
during times when the cabin is at vacuum and a breakaway feature could introduce a catastrophic 
failure mode if the umbilical were to breakaway during this time. In addition, the Constellation 
suits are not expected to have multiple umbilicals like the ACES suits today and it could be 
assumed that the crew could remember to disconnect a single umbilical whereas they might not 
always remember to disconnect a series of umbilicals. 

To help resolve the issue of whether the IVA LSU is required to have a breakaway capability, the 
contractor shall perform a study to: (I) assess the need for a breakaway feature in the IVA LSU, 
(2) define the minimum and maximum force requirements, and (3) determine the impacts to the 
IVA LSU design if such a feature is incorporated (in the IVA LSU with the T -handle connector 
or the IVA LSU with the Circular QD connector). In order to complete the first part of the trade 
study, the contractor shall organize and conduct meetings with key stakeholders in the crew 
community and ground operations community, including closeout crew members. The third part 
of the trade study shall consider mass, volume, safety, and complexity impacts of adding a 
breakaway feature. This part of the trade study shall evaluate at least two conceptual designs for 
adding breakaway capability. After the completion of the study, the contractor shall support 
EVA Project meetings including two EVA Systems Engineering Panels and two EVA Project 
Control Boards related to the results of the report. The Baseline version of the VIE ERD includes 
breakaway capability as a stretch goal or "should" requirement and retains the requirements for 
two distinct motions for umbilical disconnection. The results ofthis trade study will help 
determine if this requirement will be deleted or changed to a "shall". 

Perform Oxygen Recharge Connector Impact Study 
It is the responsibility of the Vehicle Interface Element to provide the umbilical and connectors 
that will be used to recharge the Portable Life Support Subsystem (PLSS) on the lunar surface. It 
is desired that the recharge connector be as common as possible with the life support umbilical 
connector. Although the electrical functions of the recharge connector are not defined, it is 
currently believed that the recharge connector could have a configuration very similar to the IVA 
and EVA LSU connectors with the addition of a high pressure oxygen line. The contractor shall 
perform a study assessing the mass and volume impacts to the T-handle connector and the 
Circular QD connector of scarring the connector for a high pressure (3000 psia) oxygen line. The 
mass and volume impacts should be calculated considering the following: (1) space needed on 
the connector to accommodate a future oxygen recharge connector, (2) possible increase in 
connector structure to accommodate the oxygen recharge connector loads, (3) space needed 
around oxygen recharge connector for seals. After the completion of the study, the contractor 
shall support EVA Project meetings including one EVA Systems Engineering Panels and one 
EVA Project Control Board related to the results of the report. The results of this study will help 
to determine whether the LSU connector will be modified to leave space for a future oxygen 
recharge connector. 

Complete Preliminary Design of IVA Umbilical, EVA Umbilical, SMC, and UMC 
The contractor shall continue to develop the designs of the IV A and EVA LSUs, Circular QD 
connector, T-handle connector, SMC, and UMC to the PDR level as defined in DRD T-020, 
attached as an appendix to this document. The contractor shall modify the designs of the 
connectors according to the feedback given during the crew evaluations. The contractor shall 

Page 5 of35 



•. 
;. 

CREW, ROB~CS AND VEHICLE EQUIPMENT (CaE) CONTRACT 
DELIVERY ORDER #: eRA VE-ECS-D021 

plan for one other major design change (on the order of adding breakaway capability, adding a 
high pressure oxygen recharge line, or eliminating the gas connectors on the DMC). Completing 
the detailed design includes the effort required to make CAD models, complete any thermal, 
fluids, or loads analysis needed, and generate drawings. The fluids analysis shall include an 
estimation of the gas velocity during the Circular QD purge as the connector is mating. 

Completion of the SMC and VMC detailed designs rely on low level interface requirements that 
have not yet been developed. The contractor shall initiate meetings with the suit pressure 
garment team to develop common assumptions regarding the integration of the SMC and EVA 
LSD pigtail with the suit garment. The contractor shall initiate meetings with the Orion ELCSS 
team to gather input on the integration of the VMC with the umbilical panel and ECLSS. A 
NASA representative shall be invited to all meetings with suit garment and/or CEV personnel. 

Interim Design Review 
At the completion of the preliminary design of the umbilical hardware and prior to the start of 
prototype manufacturing, the contractor shall hold a design review. This review shall include 
stakeholders from the suit pressure garment, Orion ECLSS, crew, safety, EVA Project SE&I, and 
ground operations communities. The purpose of this review is to present the detailed designs of 
the connectors to the EVA community and gain consensus with the forward plan to PDR. 
Presentation of the design should include background information explaining how the designs 
were developed including the results of the crew testing, results of analyses performed, and 
breakaway study results. 

Fabricate Prototypes 
The contractor shall fabricate and assemble hardware prototypes in the quantities defined in the 
deliverables/products table. These prototypes include a full set of umbilicals with the T-handle 
connector (6 IVA and 2 EVA) and a partial set of umbilicals with the Circular QD connector (2 
IVA and 1 EVA) as well as the mating SMCs and VMCs for all umbilicals. In addition, each 
umbilical shall have a stowage bag and end caps. The EVA umbilical assemblies shall include 
the suit half of the mate-before-break assembly. These prototypes could be used for table-top 
testing, vacuum chamber testing, manned testing, Neutral Buoyancy Laboratory testing, and 
testing with oxygen-enriched gas so documentation should be kept accordingly. 

Perform Requirement Verification & Pre-Delivery Acceptance Testing 
It is NASA's intent that the contractor perform requirement verification for the IVA and EVA 
LSD design, VMC design, and SMC design per section 4.0 ofCxP 72007, Vehicle Interface 
Element (VIE) Element Requirements Document (ERD) Revision A Draft. It is acknowledged 
that verifying each requirement might not be feasible at this time and NASA therefore requests a 
verification review. During this review, the contractor shall present the proposed verification of 
each applicable requirement, identifying any verifications that cannot be accomplished at the 
contractor's facility (such as demonstrations needing pressurized, suited test subjects or tests 
needing specialized facilities) and any verifications that do not seem feasible at this time. The 
product of the verification review shall be a verification plan agreed to by NASA and the 
contractor. Following the review, the contractor shall develop a test plan for the agreed upon 
testing including a Detailed Verificatipn Objective (DVO) for each test the contractor will 
perform. The contractor shall then perform the agreed upon testing. 
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In addition to the verification testing, the contractor shall perform pre-delivery acceptance testing 
on each copy of each umbilical. This acceptance testing shall consist of the following: (1) tether 
pull test, (2) electrical continuity test, (3) pressure drop measurement for gas and water, (4) 
bending moment stiffness test at the worst-case cold operating environment, (5) UMC/SMC and 
UMCIVMC fit check, and (6) proof pressure test for gas and water. Testing perfonned at the 
contractor's facility should be done together as much as possible and should be completed in the 
presence of a NASA official. 

Prepare PDR Documentation 
The contractor shall deliver PDR documentation as described in DRD T-020, appended to this 
document. 

Participate in VIE PDR 
The contractor shall participate in the government-led PDR for the hardware contained in this 
delivery order, Participation includes attendance of the PDR kickoff, review panel, pre-board, 
and board, as well as availability to answer detailed questions during this time, 

Weekly Progress Reports 
The contractor will be required to provide NASA weekly status email detailing the current status 
of their work, what has been accomplished, what work is planned for the next week, what 
issues/problems (if any) have arisen, and their plan to mitigate any issues/problems. The 
contractor shall also provide technical cost and schedule status on a bi-weekly basis. The 
contractor will also be required to support a weekly telecon or meeting with NASA. 

Other Notes 
Requirements 
The technical requirements are contained in CxP 72007, Vehicle Interface Element (VIE) 
Element Requirements Document (ERD) Revision A Draft. If any technical requirements change 
during the design or building phase of the prototype, then the contractor will get authorization 
from NASA. The contractor must demonstrate best effort to meet the "should" statements in CxP 
72007. If a "should" statement cannot be met, the contractor must explain why they could not 
meet the specific "should" statement and what the impact is in not meeting the "should" 
statement. 

Contract End Items 
For the purposes of this DO, the following hardware shall be considered Contract End Items 
(eEls): 

I. IVA Life Support Umbilical (including end covers and stowage bag) 
2. EVA Life Support Umbilical (including end covers, stowage bag, and pigtails) 
3. Vehicle Multiple Connector 
4. Suit Multiple Connector 
5. Suit Mate-Before-Break Assembly 
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Deliverables/Products: 

Product Description Qty Due 

Hardware 

Prototype 
IV A LSD with Circular QD 

2 April 18, 2008 
Connector 

IV A LSD with T -Handle Connector 6 April 18, 2008 

EVA LSD with Circular QD 
Connector (with Suit Mate-Before- 1 April 18, 2008 
Break Assembly) 

EVA LSD with T -Handle 
Connector (with Suit Mate-Before- 2 
Break Assembly) April 18, 2008 

Suit Mate-Before-Break Assembly 
3 

for EVA LSDs April 18, 2008 

IV A LSD Stowage Bag 8 April 18, 2008 

EVA LSD Stowage Bag 3 April 18, 2008 

SMC for Circular QD Connector 3 April 18, 2008 

SMC for T -Handle QD Connector 8 April 18, 2008 

VMC for Circular QD Connector 3 April 18, 2008 

VMC for T -Handle QD Connector 8 April 18, 2008 
. 

Test 

End of Test + 
SEA 4 weeks, NLT 

Phase I Test (shirtsleeve andlor paper December 21, 
suited) Report per DRD T -023. and CD 2007 

End of Test + 
SEA 4 weeks, NLT 

Phase 2 Test (POGO) Report per paper December 21, 
DRD T-023 . and CD 2007 

. 

Software N/A 
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Other Products All electronic document 
deliverables shall be delivered in 
,doc and PDF format which was 
generated directly without printing 
and scanning. All documentation 
delivered on CD/DVD should 
attempt to minimize the number of 
disks with different content (try to 
group multiple documents onto the 
same disk(s». 

This plan describes how the 
contractor plans to avoid conflict of 3EA 
interest between this DO and CSSS paper ATP+2 

OCI Plan procurement efforts. and CD weeks 

This study is described in the 5EA 
Umbilical "Perform Umbilical Breakaway paper November 30, 
Breakaway Study Capability Study" section. and CD 2007 

Oxygen Recharge This study is described in the 5EA 
Connector Impact "Perform Oxygen Recharge paper November 2, 
Study Connector Impact Study" section. and CD 2007 

5EA 
Interim Design Package of slides from the design paper January 25, 
Review Presentation review. and CD 2008 

5EA 
Verification Review Package of slides from the paper February 29, 
Presentation verification review. and CD 2008 

Written for each requirement for 
which the contractor will perform 
verification testing. Describes the 5EA 
details for how the verification paper 

DVOs activities will be performed. and CD May 9, 2008 

This plan describes the verification 5EA 
and PDA testing the contractor will paper 

Test Plan perform on the prototypes. and CD May 9, 2008 

5EA 
Verification Test Summary of all verification tests paper 
Data Package completed. and CD May9,2008 

5EA 
Acceptance Test Summary of all acceptance tests paper 
Data Package completed. and CD May 9, 2008 

5EA 
paper 

Long Lead Item List Per the description in DRD T -020. and CD May 9, 2008 

5EA 
End Item paper 
Specifications Per the description in DRD T -002. and CD May 9, 2008 
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SEA 
CAD Models & Per the description in DROs T -009 paper 
Drawings and T-032. and CD May 9, 2008 

5EA 
paper 

Analysis Results Per the description in DRO T -010. and CD May 9, 2008 

Operational 
Overview of Crew 5EA 
and Ground paper 
Hardware Usage Per the description in T -020. and CD May 9, 2008 

5EA 
Draft Maintenance paper 
Procedures Per the description in DRO T -031. and CD May 9, 2008 

SEA 
Expected Hardware paper 
Life Limitations Per the description in DRO T -020. and CD May 9, 2008 

Identification of 
GSE, TSE, and 5EA 
Facility paper 
Needs/Requirements Per the description in DRO T -028. and CD May 9, 2008 

5EA 
paper 

Draft ICDs Per the description in DRO T-003. and CD May 9, 2008 

5EA 
Draft Safety Data Per the description in DROs S-002 paper 
Package and S-006. and CD May 9, 2008 

5EA 
paper 

EEE Parts Analysis Per the description in DRO T -020. and CD May 9, 2008 

A list which details all the materials SEA 
the contractor used in the fabrication paper 

Materials Usage List of the prototypes. and CD May 9, 2008 

A weekly e-mail detailing the 
current status of the contractor's 
work, what has been accomplished, 
what work is planned for the next 
week, what issues/problems (if any) 
have arisen, the plan to mitigate any 
issues/problems, and intermediate 
results of concept development and 
trade studies. NASA-agreed to 
earned value performance and 
performance metrics and technical 

Weekly Status cost and schedule status shall be 5 EAe-
Report provided bi-weekly. mail 

Page 10 of3S 

N/A 

N/A 



, . 
CREW, RODAs AND VEHICLE EQUIPMENT (C.-E) CONTRACT 

DELIVERY ORDER H: CRA VE-EC5-D021 

SCHEDULE 

Start Date: Octoher 1, 2007 Finish Date: June 27, 2(H1X 

INTERIM MILESTONES 

Receipt of Oxygen Connector Impact Study 

Receipt of Breakaway Umbilical Study 

. Receipt of Phase A & Phase B Test Reports 

Interim Design Review 

Verification Review 

Prototype Hardware Assembly Complete 

Draft Connector Specification and 
Suggested VIE ERD Content to NASA 

Prototype Hardware Testing Complete 

Deliver PDR Documentation to NASA 

VIE PDR (Document drop - Board date) 

DUE DATES 

November 2, 2007 

November 30,2007 

December 21, 2007 

January 25, 2008 

February 29, 2008 

March 21, 2008 

April 4, 2008 

April 18, 2008 

May 9, 2008 

May 23 - June 27, 2008 

Milestones, along with subjective measurements, are to be used for measuring 
performance. 
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CHANGES TO DRDs: 

DATA REOUIREMENTS 

All DRs contained in the cOntract are applicable to this option ollly and required unless marked N/A 
below. 

:\O'l'ES: I. GRI':) SCAI.ED ROWS , FED "1O ,\1)1)1'1'10' .\L!REQrrRED Fll.l.-I'l;S. 
2.0"1 ALL OTIIEI{ ROWS,IF "IECESSAR). FILL 1.\ .\DDr1'IO'\·\L 

HQ,\l'fSi])FLlVERIES IN LAST COLe.\l"l. 

ORO DATA 
REQUIlHi:() 

ADDITIONAL 
If. TYPE 

DRD TlTU: DUE FREQUENCY FORDO', 
REQUIREMENTS 

YIN 

I 
Written Flight OFE Configuration 

With Proposal Once N 
Approval Management Plan 

2 
Mandatory Regular Status Report! Summary 

A TP plus 2 months Bi-monthly Y Status email 
Submittal Review 

3 Written Proj ect Technical Requirements 
1\:1' DO sclwd"k Once with Revisions N 

Approval Specification 

4 Mandatory OFE Systems Requiremcnts Data 
Spl'C itkd in no Once with Revisions N 

Submittal Package 

5 
Written Flight OFE Projects Requiremcnts 

Specified in DO Once with Revisions N 
Approval & Verification Documcnt 

6 
Mandatory Preliminary Design Review Data 

Specified in DO Once with Revisions N 
Submittal Package 

7 
Writtcn Flight OFE Workmanship Spc<:ilkd in DO Once with Revisions N 
Approval Specifications List 

Once w/Revisiol1s 

Written At kick-off 
(due wlDO proposal, 

In MS Project 
8 

Approval 
Project Schedule 

meeting 
updates & details Y 

Format 
provided as DO 
progresses) 

9 
Written Flight GFE Interface Control 

\p,,'\:if'!~:d :I~ DO Once with Revisions N 
Approval Document 

10 
Written 

GFE End Item Specification :-:lv:c;I;~d '" no Once with Revisions N 
Approval 

11 
Mandatory 

Flight OFE Failure Analysis Report 
.\~; d,~.:.:\:{:~: h~ i \U{ 

As Required N 
Submittal ml)() 

12 
Written Flight GFE Verification and As Specified in 

Once with Revisions N 
Approval Validation Plan EA-023 

13 
Written OFE Software Requirements 

~r\':"':! I 1\:<1 U", 1 )( 1 Once with Revisions N 
Approval Specification 
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II TYPE 

14 
Written 
Approval 

15 Written 
Approval 

16 
Written 
Approval 

17 
Writtcn 
Approval 

18 
Mandatory 
Submittal 

19 
Mandatory 
Submittal 

20 
Written 
Approval 

21 
Written 
Approval 

22 
Mandatory 
Submittal 

23 
Written 
Approval 

24 
Written 
Approval 

25 
Mandatory 
Submittal 

Mandatory 
26 

Subm i ual 

27 
Mandatory 
Submittal 

Mandatory 
28 

Submittal 

CREW, ROB~CS AND VEHICLE EQUIPMENT (CaE) CONTRACT 
DELIVERY ORDER H: CRA VE-EC5-D021 

REQlJIRlm 
DRDTITLE DUE FREQUENCY FORDO? 

YIN 

GFE Software Development Plan Spe",if\vd ill I)() Oncc with Revisions N 

GFE Software Design Document Spcc'iLc'd in DO As Required N 

Engincering Drawings 
Ai /'iJ);i1 

Once with Revisions N 
j)I\.''.:.Cllt:-t!!()!l 

EEE Parts Lists and Analysis Rep0l1 Spec'it,,,,, in DO As Required N 

Critical Design Review Data 
Sp'~l'ifi('d in DO Once with Revisiolls N Package 

Enginecring Drawing Change 
'\' Iweded As Required N 

Proposal 

GFE Qualification Test Procedure Specified in DO Once with Revisiolls N 

Flight Product User's Guide ~p('<'irl('d in DO Once with Revisions N 

Software Code Sp\xiliuJ in no As Required N 

(30) days after DO 
Information Technology (IT) award, and as 

JPG 2810.1 N Security Program Plan and RCPOliS specified in JPG 
2810.1 

Certification Plan Spccilkll in 1)0 Once with Revisions N 

Certification Report ~p,-'("il ,,:,1 in UI) Once with Revisions N 

Engineering Analysis ~p':C'i I:ed in Du As Requircd N 

Acceptance Data Package "peTJ!,:,1 il1 1)1) One Time N 

After award of 1st 
Export Control Audit Results DO, yearly 011 Ycurly N 

Sept. 30 thereafter 

Page 13 of35 

ADDITIONAL 
REQUIREMENTS 

In ProlE format. 

Final Design Report 
in .doc and .pdf 
format 



, . 

DRD l>ATA 
1/ TYPl<: 

29 
Writtcn 
Approval 

30 
Written 
Approval 

31 
Writtcn 
Approval 

32 
Mandatory 
Submittal 

Written 
33 Approval 

34 
Written 
Approval 

Written 
35 Approval 

36 
Written 
Approval 

37 
Upon 
Request 

38 
Written 
Approval 

39 
Written 
Approval 

Written 
40 

Approval 

41 
Upon 
Request 

Mandatory 
42 Submittal 

Written 
43 

IApproval 

44 
Mandatory 
Submittal 

45 
Writtcn 
Approval 

Upon 
46 Request 

47 
Written 
Approval 

CREW, ROB04lS AND VEHICLE EQUIPMENT (C"E) CONTRACT 
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IU:QUIREI> 
DRDTITU: HUE FREQUI':NCY FOI{ DO'! 

YIN 

Quality Plan With Proposal Once with Revisions Attachment 
J-ll 

Patent Rights-Retention As Required As Required N 
. 

Shuttle/Station P,lyload Safety Data 
S[,c\,:lticd ill DO As Required N 

Package 

Limited Life Systems List Spcc!li-.:d in DO As Required N 

Space Station GFE Failure Modes 
-'\~ l"'ar/) I'll prl 1;>.>\ 

and Effects Analysis and Critical 
:u" pn:"iblc. 

As Required N 
Items List 

Space Shuttle GFE Safety and Sp,xilbl ill [)O As Required N Analysis Report &Hazard Report 

Software Quality Assurance Plan 
90 Days Prior to 
Software Once with Revisions N 

Report 
Development 

ISS Hazard Report S pcod tkd in DO As Required N 

Reliability and Maintainability Plan With Proposal, OneTime N 

Government Certification Approval 
Spc:citkd HI DO As Required N Request (GeAR) 

Risk Assessment Executive 
Spcci lied in DO As Required N 

Summary Report (RAESR) 

2 business days of 

Problem Reporting and Corrective 
problem isolation 

Action (PRACA) 
but no latcr than 10 As Required N 
days ailer 
detection 

Nonconformance Record Sp('\;ilkd in [)O As Required N 

Government Industry Data Exchange Reported onc time 
Program and NASA Advisory when discrepancy Once with Revisions N 
Problem Data occurs 

Electrical, Electronic, and 
Elcctromechnical (EEE) Parts ,"lrH,:cif) ... :~! in i )( ) Once with Revisions N 
Control Plan . . 

Certification Data Packagc "p,·;:i hcd ill !)I) Once with Revisions N 

Certification and Acceptance 
At CDR Once with Revisions N 

Rcq uircmcnts Documcnt 

Wage/Salary and Fringe Benefit 
Thirty (30) days 
allcr issuance of Once N 

Data 
each DO 

GFE Acceptam;e Test Procedure '..PU::!l'li.:..l n'! f )( 1 One Time N 
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II 

48 

49 

50 

51 

52 

53 

54 
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nATA 
REQUlRlm 

ADI)JTJONAL 
DRDTITLE DUE FREQUENCY FORDO? 

TYPE YIN 
R.:QUIREMENTS 

Mandatory Flight OFE Verification & 
"p~('ifi('d jll DO Once with Revisions N 

Submittal Validation Report 

Mandatory 
Space Shuttle OFE Failure Modcs 
and Effects Analysis (FMEA) and Spc:":d'Ii...'!.l :n J)() As Required N 

Submittal 
Critical Items List 

Reserved - - -
Mandatory NASA Contractor Financial Allcr Issuance of l\,tollthly N 
Submittal Management Reporting 1st DO 

Written Government Property Managemcnt 
With Proposal Once with Revisions Attachment 

Approval Plan J-7 

Mandatory System Safety Plan With Proposal OneTime Attachment 
Submittal J-I0 

With Proposal/ 
Only applicable to B-

Writtcn eRA VE contracts in 
Approval 

R-Quality Plan Template Revisions as 
accordance with the Y 

Required 
SOW and the ORD 

I Type 1 = Written Approval Type 2 = Mandatory Submittal Type 3 = Submittal Upon Request 
. 

CHANGES TO GOVERNMENT FURNISHED FACILITIES: 
It is expected that the contractor will need to use some of all of the following government 
facilities during the execution of this option: 

1. Building 33 Chambers 
2, Building 29 
3. Building 9 (POGO, PABF) 
4. Building 7B 2' Chamber 
5. Building 7A Space Suit Laboratory 

--

In the event the contractor is using facilities in building 7 A, 7B, or 33, the contractor shall submit 
a JSC Test Request Form 90 at least 30 days in advance of the test date. In the event the 
contractor is using facilities in building 9, the contractor shall submit a Facilities Usage Request 
(FUR) at least 15 days in advance of the test date. The contractor will not be responsible for 
making any changes or upgrades to the chambers, but shall work with the responsible 
organization (EC4 in the case of building 7 A, 7B, 29, and 33 facilities) to develop a plan for any 
fixturing or facility upgrades needed for the test. The contractor shall prepare the Test Readiness 
Review (TRR) data package and Task Performance Sheets (TPS) needed for the test. 
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GOVERNMENT FURNISHED PROPERTY 

The CRAVE contracts do not anticipate the Government providing any property or test 
facilities unless requested by the contractor in their response to a request for bid. 

In some rare cases (such as sustaining engineering task) if is known ahead of time that 
government property will be provided to the contractor. In those cases the following list 
filled out to allow the proper control of government property: 

A. List of Property the Contractor Shall Replace with modified or upgraded versions: 

Table 1.1 

Quantity Acquisition Cost Use of Property Date to be Furnished to the 
Location Contractor Item 

N/A N/A N/A N/A N/A 

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor} - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 

B. List of Property the Contractor will return in the same configuration: 
Table 1.2 

PIN SIN (or LIN) Date to be 

Item Quantity Acquisition Use of Property Furnished 
Cost Location to the 

Contractor 
N/A N/A N/A N/A N/A N/A 

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor} - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 
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GOVERNMENT FURNISHED PROPERTY 
(Continued) 

C. List of Property the Contractor Shall Replace if Damaged or lost during the course of 
the effort: 

Table 1.3 
PIN SIN (or LIN) Date to be 

Item Quantity Acquisition Use of Property Furnished 
Cost Location to the 

Contractor 
N/A N/A N/A N/A N/A N/A 

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 

D. List of Property the Government Will Replace if Damaged or lost during the course of 
the effort: 

Table 1.4 

PIN SIN (or LIN) . Use of Date to be 

Item Quantity Acquisition 
Property Furnished to 

Cost the Location 
Contractor 

.. ~,. 

N/A N/A N/A N/A N/A N/A 

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 
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DATA REQUIREMENTS DESCRIPTION (ORO) 

ORO NO.: S-002 

TITLE: System Safety Hazard Analysis 

DESCRIPTION/USE: The Contractor shall perform a system safety hazard analysis per 
JSC 17773, "Preparing Hazard Analyses for JSC Ground Operations" Rev. C. This 
hazard analysis shall include consideration for all of the environments in which the 
prototype hardware will be used including table-top testing, manned thermallvacuum 
chamber testing, Neutral Buoyancy Laboratory testing, and testing with oxygen
enriched gas. 

Hazards shall be mitigated according to the following stated order of precedence: 
1. Eliminate' hazards 
2. Design for minimum hazards 
3. Incorporate safety devices 
4. Provide caution and warning devices 
5. Develop administrative procedures and training 

Primarily, hazards should be controlled by a system that is failure tolerant. The 
Constellation Program requires two failure tolerance for catastrophic hazards, and 
single failure tolerance for critical hazards. In situations where failure tolerance is 
not technically feasible, or adds complexity which increases cumulative risk, Design 
For Minimum Risk (DFMR) may be used as a hazard control method. The 
Contractor shall identify any functions where DFMR is proposed to be used in lieu of 
failure tolerance and provide an analysis which documents the rationale for 
acceptance of these DFMR functions. NASA will assess each proposed use of 
DFMR in the hardware to determine whether or not it meets the program 
requirements for safety at the Phase I safety review. 

DATA PREPARATION INFORMATION: 
SCOPE: Safety hazard analyses identify hazards, determine the methods used for 

controlling the hazards, and establish verification methods and assure closure for 
the identified hazard. The system safety hazard analysis shall provide a total 
assessment of the subject systems (hardware and software) and their operational 
environment. 

The hazard analyses shall consider all catastrophic events and the need for highly 
reliable shut down features (e.g., high speed laser shut down) should such events 
occur. 

The hazard analysis shall be linked to a structured methodology, such as a Fault 
Tree Analysis and FMEAlCIL, to show how hazards can be flowed down to system 
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failures. 

APPLICABLE DOCUMENTS: 
• JSC 17773, "Preparing Hazard Analyses for JSC Ground Operations· Rev. C 

• CxP 72007, Vehicle Interface Element (VIE) Element Requirements Document 
(ERD) 

CONTENTS: The Contractor shall perform a system safety hazard analysis in 
accordance with the methodology outlined in JSC 17773, ~'Preparing Hazard 
Analyses for JSC Ground Operations" Rev. C, to identify hazards. Hazard analyses 
shall address the hazards that arise in the design, development, manufacturing, 
operations, and disposal associated with the hardware prototypes. 

Hazard analyses shall encompass the following for the prototype hardware: 
1. Subsystem Hazard Analysis (SSHA) 
2. Element Hazard Analysis (EHA) 
3. Integrated Hazard Analysis (IHA) 
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DATA REQUIREMENTS DESCRIPTION (ORO) 

ORO NO.: S-006 

TITLE: Failure Modes Effects Analysis and Critical Items List (FMEAlCll) 

DESCRIPTION/USE: The Failure Modes Effects Analysis is a design tool and will be 
used to aid design engineering, operations, and manufacturing of the hardware. The 
Contractor shall perform Failure Modes and Effects Analysis (FMEA) to identify and 
determine possible modes of failures (including hardware failures, software failures, and 
human errors), the effects of such failures, and the criticality of such failures to support: 

1 ) Additional design action 
2) Safety analysis 
3) Test planning 
4) Preparation of mandatory inspection points 
5) Fault detection and isolation 
6) Maintainability design characteristics 
7) Maintenance planning 

The purpose of the Critical Items List (Cll) is to identify those items or hardware that do 
not meet failure tolerance requirements, and those items that do not pass the 
redundancy screens (screening to determine if an item's redundant path can be 
functionally verified or if a redundant path failure can be detected prior to use, or if all 
redundant paths can be lost as a result of a single credible common failure cause) that 
require special attention when establishing hardware specifications and qualification 
requirements. 

The Cil shall consist of all failure modes with criticalities (relative measure of the 
consequence of the failure,) identified in the FMEA in accordance with the CxP criticality 
criteria (see CxP 70043, Constellation Program Hardware Failure Modes and Effects 
Analysis and Critical Items List Methodology, Table 2: Criticality Categories). The 
FMEA and Cil analysis shall cover Common Cause Failure (CCF) Analysis at the 
subsystems level and be proof that the design is free from CCF. Each Cil item drives 
the development and implementation of inspection, process control, and test and 
verification requirements for the critical items. 

REMARKS: At Preliminary Design Review (PDR) the following level of maturity is 
required: 

(a) Detailed subsystem and CEllevel Reliability Block Diagrams (RBDs) 
matching the detail of equipment lists from the Contractor 

(b) Failure mode effects will describe the out-of-specification outputs (including 
higher level element effects) required to support failure propagation 
assessments 
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(c) lowest level effects (subsystem and CEllevel) accurately propagated to the 
high level (element) effects 

(d) Failure causes sufficiently developed to a level commensurate with the design 
(e) Failure effects developed to a level consistent with design, for both hardware 

and software 

DATA PREPARATION INFORMATION: 
SCOPE: The FMEA is an analysis for the hardware to determine possible modes of 
failure and their effects on the crew, suit system, and ground support equipment, with 
the provisions for identifying each failure mode by its criticality category number. The 
FMEA shall include consideration for all of the environments in which the prototype 
hardware will be used including table-top testing, manned thermal/vacuum chamber 
testing, Neutral Buoyancy laboratory testing, and testing with oxygen-enriched gas. 

The Cil is a list of hardware identified in the FMEA categorized as being 'Critical' (i.e., 
those items whose failure could result in a loss of life). The Critical Items List shall 
consist of those failure modes identified by the FMEA that are Criticality 1, Criticality 2, 
all Criticality 1 R items Where the next failure of any redundant item could cause loss of 
the crew, and all Criticality 1 Rand 2R items that fail one or more redundancy screens. 

The FMEA and Cil worksheet documents (objectively) the 'retention rationale' for the 
design features, testing, and inspections, operational use, maintainability, and includes 
the failure history of the item to help minimize the failure occurrence probability. 

APPLICABLE DOCUMENTS: 
• CxP 70043, Constellation Program Hardware Failure Modes and Effects Analysis 

and Critical Items List (FMENCll) Methodology Document 

• CxP 72007, Vehicle Interface Element (VIE) Element Requirements Document 
(ERD) 

CONTENTS: 
a. A brief element and subsystem overview shall be provided along with a subsystem 

level RBD to reflect the configuration and details of the systems 
b. FMEA worksheets shall be prepared at the lowest level (CEI level) required to 

support potential uses (redesign, testing, failure reporting or corrective action, 
preparation of mandatory inspection points) 

c. FMEA and Cil worksheets shall be prepared as appropriate (with regard to 
criticality) with 'retention rationale' that contains data that supports the premise that 
the risk presented by inclusion of the item in the subassembly/assembly/subsystem/ 
element/system has been minimized by proper design controls, inspections, tests, 
critical processes and maintenance controls, and that no adverse failure history 
exists. The rationale shall also contain data, which describes operational constraints 
caused by occurrence of the failure, and describe the measures taken to ensure that 
the function is restorable. 

d. The fidelity of the FMEA and Cil shall reflect the latest hardware designs and 
identify risks for all hardware and its interactions during various phases of the 
prototype testing. 
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e. A 'single point' failure summary shall be provided as a section of the CIL. An 
independent redundant items failure analysis shall be done for critical items to 
evaluate the potential effects for latent defects and other process issues including 
potential human errors 

f. The FMEA and Cil analysis shall cover Common Cause Failure (CCF) Analysis at 
element and subsystems level and CCF shall be designed out to an acceptable risk 
level (as approved by NASA) and residual risks shall be documented and controlled. 
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DATA REQUIREMENTS DESCRIPTION (ORO) 

ORO NO.: T-002 

TITLE: Preparation of EVA Systems Project Unique Specifications 

DESCRIPTION/USE: This DRD documents the process for documenting Vehicle 
Interface Element requirements as they are allocated and decomposed from the 
Element level down to the Configuration Item (CI) level. 

DATA PREPARATION INFORMATION: 
SCOPE: The Preparation of EVA Systems Project Unique Specifications DRD 
establishes the format and contents of all contractor-developed hardware requirements 
documents down to and including CI specifications. 

APPLICABLE DOCUMENTS: 
• CxP 72207, Constellation EVA Systems Vehicle Interface Element Requirements 

Document 

CONTENTS: The Contractor shall develop specifications to the Contract End Item 
(CEI) level at a minimum. 

, Currently, CxP 72207 Vehicle Interface Element Requirements Document decomposes 
requirements down to the subsystem, assembly, and subassembly level, although the 
decomposition is not complete. It is expected that new requirements will be identified 
through the design process. The contractor shall work with NASA to identify which of 
these requirements are appropriate to be included in the ERD and which requirements 
should be contained in lower level documentation. It is expected that at least one 
separate speCification shall be generated containing requirements specific to the 
multiple connector. This specification shall contain the technical requirements of the 
multiple connector (which NASA will develop manage), and the technical details of the 
connector (which the contractor shall develop). NASA will maintain and control CxP 
72007 VIE ERD and the requirements within the connector specification. 
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DATA REQUIREMENTS DESCRIPTION (ORO) 

ORO NO.: T-003 

TITLE: Interface Control Documents 

DESCRIPTION/USE: To provide configuration controlled documentation in the form of 
drawings and/or written records to identify necessary design definitions between one or 
more systems, elements, or subsystems to provide control of and ensure a compatible 
interface. The Interface Control Document (ICD) provides the design solutions to the 
requirements found in the requirements specifications and/or the Interface 
Requirements Document (IRD); the ICDs are companion documents that serve to 
communicate and control interface design decisions. 

REMARKS: None 

DATA PREPARATION INFORMATION: 
SCOPE: The ICDs identify design definitions for each side of an interface to ensure 
design control and compatibility. An ICD may describe any number of hardware 
interfaces. 

CONTENTS: The ICD shall document the physical, functional, and procedural interface 
design. The ICD shall provide the descriptive text and diagrams to fully describe the 
interface implementation. The ICD shall address all of the engineering disciplines 
associated with the interface design. The ICD shall identify all applicable workmanship 
and standards being used as part of the interface design. The ICD shall provide 
traceability from the requirements specification or IRD to document design compliance 
with the requirements. 

The ICD shall address the following class of interfaces: 

(a) Physical - Interfaces involving physical mating and spatial relationships between 
interconnecting parts of interfacing end items, including clearance envelopes 
established to avoid interferences and to permit access 

(b) Functional-Interfaces involving the interaction or influence of conditions imposed 
by one CEI or higher level assembly upon another or by external sources such as 
fluids, thermal, electrical, environmental, data, and loads 

(c) Procedural - Interfaces involving critical sequence of events occurring in assembly, 
disassembly, alignment, service operations, and computer programs 

The contractor shall develop an ICD for the following: 
1. VIE to Suit Element ICD (including SMC/PGS and pigtail/PGS interface) 
2. VIE to Orion ICD (including VMC/vehicle interface) 
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DATA REQUIREMENTS DESCRiPTION (ORO) 

ORO NO.: T-009 

TITLE: CAD Models 

DESCRIPTION/USE: CAD models shall include all solid models, surface models and 
associated construction references, such as coordinate systems and datum planes, 
used in the preliminary and detailed design, layout, manufacturing, assembly, testing, 
certification, and flight hardware processing of the delivered hardware. It is expected 
that the Contractor provide a solid model for every rigid CEI and at least an outer mold 
line for flexible (Le., stowage bag) CEls. 

REMARKS: None 

DATA PREPARATION INFORMATION: 
SCOPE: This document covers 2-D and 3-D CAD model developed for all hardware. 
This includes, but is not limited to, wiring, piping, ducting, structure, interfaces, and 
mechanisms. All models shall include material properties, identification and 
composition information for all parts represented by the model. 

APPLICABLE DOCUMENTS: 
• ASME Y14.41 - 2003, Digital Product Definition 

CONTENTS: Detailed solid models shall be provided for the preliminary and detailed 
design, layout, manufacturing, assembly, and testing of the delivered hardware 
according to the scope outlined in this ORO. The detailed solid models shall be 3-D and 
shall include the parameters, coordinate systems(s), datum planes, surfaces, axes, 
points used for model construction and reference purposes. 

FORMAT: Model format shall be the native format associated with the model being 
delivered. Copies of CAD models in an interchange format such as IGES or Standard 
for the Exchange of Product Data (STEP) may also be requested by NASA. 20/30 
CAD shall be in accordance with ASME Y14.41, in the format specified by the 
Government, fully parametric and associative. The Contractor shall deliver 
ProEngineer-compatible 3D models of the components. Alternate formats may be 
acceptable upon negotiation. All documentation/data shall include the Contractor's 
CAGE code and document numbers. 
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DATA REQUIREMENTS DESCRIPTION (ORO) 

DRD NO.: T-010 

TITLE: Analysis Reports 

DESCRIPTION/USE: To document results of analyses performed in support of all 
phases of hardware development and use. 

REMARKS: None 

DATA PREPARATION INFORMATION: 
SCOPE: All analysis reports either initiated by the Contractor or requested by NASA 
shall address at a minimum all topics listed in this ORO. The Contractor shall 
standardize an analysis report format. 

APPLICABLE DOCUMENTS: None 

CONTENTS: All analysis reports shall include the following: 
• Cover page with title, document number for traceability, relevant part and serial 

numbers (if applicable), analysis cycle, indication of purpose 
• Executive Summary 
• Objectives/Motivation for the analysis 
• Study Requirements and Constraints 
• Assumptions and ground rules 
• Initializing Data 
• Figures of merit 
• Analysis tools, tests, and Models used 
• Internal Verification and Validation of the results (if applicable) 
• Uncertainty of the results 
• Detailed results 
• Key findings/recommendations 
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DATA REQUIREMENTS DESCRIPTION (ORO) 

ORO NO.: T-020 
TITLE: Preliminary Design Review DESCRIPTION/USE: The primary function of the Design Reviews DRD is to provide 

the details of what data will be delivered in support of the government-led Preliminary 

Design Review. 
REMARKS: Refer to EA-WI-023, Project Management of GFE Flight Projects for other 

design review guidance. 
DATA PREPARATION INFORMATION: 

SCOPE: This document describes the deliverables needed to allow the government to 

conduct PDR. 
APPLICABLE DOCUMENTS: None CONTENTS: At a PDR, the Contractor products shall at a minimum include: 

• Identification of long-lead procurement items in a list with rationale to support 

designation as long-lead items, cost information, and design details 

• Suggested resolution of all applicable "should" statements 

• End item specifications per T -002 . 
• Preliminary CAD models and drawings per DRD T -009 and DRD T -032 respectively 

• Results of prototype testing 
• Supporting test and analysis reports per DRD T- 023 and DRD T-010 respectively 

• Operational overview of crew and ground hardware usage 

• Draft maintenance procedures per DRD T -031 

• Expected hardware life limitations 
• Identification of GSE, TSE, and facility needs/requirements per DRD T-028 

• Draft ICDs per DRD T-003 
• Draft Safety Data Package (System Safety Analysis Report per DRD S-002 and 

draft FMEAlCILs per S-006) 
• EEE parts analysis (if applicable) 
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DATA REQUIREMENTS DESCRIPTION (ORO) 

ORO NO.: T-023 

TITLE: Test Reports 

DESCRIPTION/USE: To provide the documentation of test results for all tests 
conducted by the Contractor. 

SUBMISSION FREQUENCY: 

Test Report 
Submission Fre_quency_ Quick Look Report 

3 business days after test completion 
Final Test Report 

21 business days after test completion REMARKS: None 

DATA PREPARATION INFORMATION: SCOPE: The Contractor shall document the results of all tests in accordance with this 
ORO. 

APPLICABLE DOCUMENTS: None 

CONTENTS: 
Quick Look Test Reports shall include: 1. Description of the test item 2. Description of the test performed 3. Dates and time performed 4. Data collected (available data) 5. All test anomalies and their impact to the test (tested hardware, facilities, 

personnel, GSE, and TSE, whether resolved during the test or not) 6. Summary of test results including test objectives met and test objectives not met 
7. Constraints to further testing as a result of this test 

Final Reports shall include: 
1. Description of the test item 2. Description of the test performed 3. Description of the test equipment and facility 4. Test witnesses 

5. Test set-up/configuration information 6. Dates and time performed 7. Data collected (databases, photos, video) 8. All test anomalies and their impact to the test (tested hardware, facilities, 
personnel, GSE, and TSE, whether resolved during the test or not) including failure 
analysis 
9. Test results including: 

• Test conditions as experienced 
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• Timeline of events as tested 
• Specific results with supporting data 
10. Test conclusions including comparing the test results against the detailed 

verification objective requirements 
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DATA REQUIREMENTS DESCRIPTION (ORO) 

ORO NO.: T·028 

TITLE: Facility and TSE Requirements 

DESCRIPTION/USE: This document defines the requirements for all contractorprovided test and verification facilities, facility systems, and test support equipment (TSE). 

REMARKS: None 

DATA PREPARATION INFORMATION: 
SCOPE: Provide requirements for all contractor-provided test and verification facilities, facility systems, and support equipment needed to support the verification and predelivery acceptance test activities described in this DO. 

APPLICABLE DOCUMENTS: None 

CONTENTS: The Test and Verification Facility Requirement Document shall at a minimum contain the following for each contractor·provided facility and TSE: 

a. Narrative description of the purpose and function of the facility, room; and systems b. Hazard identification requirements (e.g., classification of hazards, types of vents, types of purges, power voltages and frequencies, noise levels, RF radiation levels) c. Environmental requirements (e.g., temperature, humidity, particle counts, RF shielding, and noise attenuation) 
d. Environmental pollution controls 
e. Power, grounding and lighting requirements, including the use of uninterruptible power systems and supplies for ground operations activities 
f. Backup power and other backup or contingency requirements (chilled water, hot water, and data) 
g. Plumbing/venting and commodities requirements for test operations activities h. Fire and hazard protection requirements 
i. Communications and data networking systems requirements (e.g., required 

connections to other test and operations facilities needed) 
j. Special structural needs requirements (e.g., vibration controls and floor loading) k. Security requirements (e.g., facilities, facility systems, personnel, hardware, software, data, badging, and access control) 
I. Material handling requirements (e.g., crane or hoist requirements) 
m. Consideration of human engineering requirements 
n. Configuration management requirements 
o. Scheduling requirements 
p. Functional capabilities requirements 
q. Facility, facility systems, and support eqUipment certification requirements 
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r. Operations requirements, including number and type of personnel required to 
operate the facility 

s. Maintenance requirements 
t. Sustaining engineering and obsolescence planning requirements 
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DATA REQUIREMENTS DESCRIPTION (ORO) 

ORO NO.: T-031 

TITLE: Maintenance and Assembly Manual 

DESCRIPTION/USE: The Maintenance and Assembly Manual documents the detailed 
instructions needed for disassembling, maintaining, and assembling the prototype 
hardware. 

REMARKS: This is the Chilton's ™ for the prototype hardware. 

DATA PREPARATION INFORMATION: 
SCOPE: A Maintenance and Assembly Manual provides the detailed description of 
disassembly, maintenance (including standard repair) and assembly steps, and tools 
and materials required to maintain the prototype hardware. It provides configuration
specific maintenance steps and detailed parts list for subsystems, assemblies, 
subassemblies, and components of VIE. The Manual also provides the list of approved 
tools and materials used to accomplish disassembly, maintenance, and assembly tasks. 
Detailed processing procedures shall be developed from this manual. 

APPLICABLE DOCUMENTS: None 

CONTENTS: The Maintenance and Assembly Manual shall include for VIE, 
decomposed by subsystem, assembly, subassembly and component: 

1. Identification of next lower level of parts required to construct the specified 
component 

2. Exploded view of hardware item including identification of parts 
3. List of tools and fixtures required to disassemble, maintain, and assemble 

hardware 
4. List of materials required to disassemble, maintain, and assemble 

hardware 
5. Constraints, cautions and warnings applicable to each level of 

disassembly, maintenance, and assembly 
6. Detailed instructions for disassembly, maintenance (standard repairs), 

reassembly, and test of hardware 
7. Laboratory conditions to be maintained during maintenance operations 
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DATA REQUIREMENTS DESCRIPTION (ORO) 

ORO NO.: T-032 

TITLE: Engineering Drawings and Associated Lists 

DESCRIPTION/USE: To provide engineering data defining the design to the extent 
required to support system design, manufacturing, test, and logistics support of the 
hardware and required spare parts. Engineering drawings and associated lists shall be 
sufficient to depict the detailed configuration of all system, subsystem, and component 
levels and to include ground support equipment (GSE). This DRD applies to released 
manufacturing, layout, assembly and installation drawings and schematics for all 
hardware. The level of detail presented in the drawings shall progress from the element 
and sub-system level to the CEI and CI level over the course of the hardware design 
lifecycle. All drawings used by the Contractor and their sUb-tiers shall be delivered to 
NASA. The aggregate set of drawings shall define every dimension of the hardware. 

REMARKS: None 

DATA PREPARATION INFORMATION: 
SCOPE: Engineering drawings disclose (directly or by reference) the physical and 
functional requirements of an item by means of graphics or textual presentation or 
combinations of both, as supplemented by 3D models. 

APPLICABLE DOCUMENTS: 
• ASME Y.14.100 - 2004, Engineering Drawing Practices (and associated 

Appendices B and D) 
• ASME Y14.24, Types and Applications of Engineering Drawings 
• ASME Y14.34M, Associated Lists 
• ASME Y14.35, Revision of Engineering Drawings and Associated Documents 
• ASME Y14.41 - 2003, Digital Product Definition 

CONTENTS: 
a. Part I - Engineering drawings and associated lists of CEls, elements and/or all 

components and assemblies shall be provided to define the details necessary 
for the manufacture, test, inspection, operations, and logistic support of the 
system. This definition shall: 
1. Reflect the end-product at its current level of design maturity 
2. Provide the engineering data for logistics support products 
3. Provide the necessary data to permit manufacture and/or acquisition of 

items identical to the original item(s) 
4. Document directly or by reference the following: 

(a) Details of unique processes (I.e., not published or generally available to 
industry) when essential to design and manufacture 

(b) Performance ratings 
(c) Dimensional and tolerance data (Geometric Dimensioning and 
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Tolerancing (GOT) shall be required between all external and major 
internal interfaces) 

(d) Critical manufacturing processes and assembly sequences, and rigging 
procedures 

(e) Diagrams 
(f) Mechanical and electrical connections 
(g) Physical characteristics, including form and finish 
(h) Details of material identification, including heat treatment and protective 

coatings 
(i) Inspection, test, and evaluation criteria 
U) Equipment calibration requirements 
(k) Quality assurance requirements 
(I) Hardware marking requirements 
(m)Requirements for reliability, maintainability, environmental conditions, 

shock, and vibration testing and other operational or functional tests 
(n) Cleanliness levels 

5. Limited rights-in-data items - Engineering drawings for items which the 
Government does not have unlimited rights in data shall specify the form, fit, 
and function requirements of the item and conform to the requirements for a 
control drawing as defined in ASME Y14.1 00 

b. Part II - Cable interconnect diagrams (CIDs), electrical system schematics, and 
wiring lists. Cable interconnect diagrams, electrical system schematics, wiring 
lists, and fluid system schematics shall be prepared in accordance with ASME 
Y14.100. Part I drawings shall be used to the maximum extent possible in 
providing the design definition. The drawings shall include the following: 
1. Cable interconnect diagrams shall show graphically the arrangement of 

external electrical cabling which interconnects electrical assemblies and/or 
equipment. The CID shall show all cable runs and terminations; each cable 
shall be identified by reference designation number. The connector short 
sign shall be identified 

2. Electrical system schematics shall illustrate and describe circuit items with 
symbols placed such that a circuit may be traced from item to item in the 
sequence of its function. The placement and arrangement of these circuits 
shall follow a logical sequence of presentation to provide a clear description 
of the distribution 

3. Component Level Documentation - Schematics and/or wiring lists for 
components, including interconnecting cable harnesses, shall be provided 

4. Overall Grounding Documentation - The grounding schematic shall show 
the details of all grounds and power returns from source to loads. All 
connections shall be shown. It shall also show details of all Electrical 
Ground Support Equipment interconnections to facility and safety grounds 

5. The Fluid system schematic shall illustrate and describe all components 
with symbols and flow designators such that the fluid system may be traced 
from component to component (such as pumps, valves, meters, regulators, 
and filters). The schematics shall document the range requirements (flow, 
temperature, and pressure) for all component external interfaces and line 
sizes. The placement and arrangement of these components shall follow a 
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Nlllional Aeronautics and Space Administration '1 Lyndon B. Johnson Space Center ORDER FOR SUPPLIES OR SERVICES Page 10f 28 
Houston, TX 77058 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB40B, CRAVE D021R3 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa Parkway Transportation Ofticer, Building 421 
Houston, TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2!Marv Thomas Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 281=483=8828 F ax: 2!!1-483-!117~ Order No.: !'J!'JJ05I:lB!1Qa CBAVI;; CQ2lB~ 
E-mail: marv.f. n"U . 

5. Contractor: 6. Deliver On or Before: 1 0116/06 10 9/28107 

. 

F.O.B. Point: DESTINATION 
Oceaneering Space Systems 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: (281) 228-5371 X Fax: (281) 228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE D021R3 

8. Type of Order: 

D PURCHASE: Please furnish the following in D DELIVERY: Except for the Terms and Conditions of Purchase 
accordance with the conditions specified on this order. Order listed on the following page, this delivery order Is SUbJect to 
Reference: __ instructions contained on tliis form and is issued subject to he 

terms and conditions of contract number: --
9. Written acceptance ofthis order by contractor [0 1 is, [1811 is not 10. Name: Ronald Johnson 

required. Sign below if required and return to contracting ofticer. 

~ No "oj i.L. -- tluf", 
Name: __ (Person authorized to sign) 

Signature: Date: -- Signature: 
CON RACTIN<;tOFFICER 

11. Sched ule v 
ITEM 

OESCRIPTION 
QUANTITY 

UNIT 
UNIT 

AMOUNT 
QUANTITY 

NO. OROEREO PRICE ACCEPTEO 

LIFE SUPPORT UMBILICAL SYSTEM 

1 CRAVE DO 21, Rev 3 Is Issued 10 perform the following: LOT Ir:.f 
1. Revise the Statement of Work to build two high fidelity prototypes. 

2. Increase the delivery order value by $1 :'R.433 frC'"".$i'34,58() 10 
$861,028. 

Changes to the Statement of Work (SOW) have been vertically bar-
marked in the attached revised SOW. 

(continued next page) 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: N/A 0 COMPo 0 PART. PPC: --
Rissue To: EC/Joe Gensler x30025 For: ECINicoie Jordan, x39127 

$ NTE 661 ,028 

14. Quantities in 'Quantity Accepted" Column Have Been 
D INSPECTED D ACCEPTED D RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE WILL BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Form 1"29 (Rev November 10. 20004) (MS Word AUAU.t 1995) 
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(CONTINUATION SHEET) 

SCHEDULE 
ITEM DESCRIPTION QUANTITY UNIT UNIT AMOUNT QUANTITY 

ORDERED PRICE ACCEPTED 

LIFE SUPPORT UMBILICAL SYSTEM 

DO 21 VALUE RECAP: 

THIS ACTION 
PRIOR D021R3 CUM VALUE 

COST Jj-\ J.,lf k~1 
FEE 
TOTAL $734,565 $126,443 $861,028 

THIS IS A CPFF DELIVERY ORDER 

JSC Fa"" 14211 (ROY November 10,200(1) (MSWord August 1l1li5) 
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Revision 3 - June 8. 2007 

ATTACHMENT 1 

The Government may exercise Option 1 described below for the option value listed on the DO 
cover page by written notification to the contractor within two months after the completion of the 
Base contract. The Government may choose to exercise any of the remaining options for the 
values listed on the DO cover page by written notification from the time of completion of the 
base contract to within two months after the completion of Option 1. 

OPTION 1 TITLE: Umbilical Multiple Connector Design Selection and IVA Hardware 
Prototype Fabrication 

Background / Problem Description: 

After NASA has had time to evaluate the contractor's progress and design concepts from the 
base contract NASA will then decide if to enact the additional contract option(s). Option 1 of the 
contract will entail the selection ofan umbilical multiple connector design and the design, 
.analysis, fabrication, testing, and delivery of a prototype IVA Life Support Umbilical, an IVA 
Vehicle Interface Assembly, and an IVA Suit Multiple Connector to be used in table-top 
laboratory testing and zero-gravity aircraft testing. This prototype will not be used for vacuum 
chamber testing, manned testing, or with oxygen-enriched gas, but these cases should be 
considered during the design and fabrication of the hardware. The fabrication of the prototype 
will follow the design decisions made by NASA at the conclusion of the base contract and the 
requirements attached to this SOW. 

Purpose of the Current Effort 

One of the many issues that needs to be addressed is the determination of the IVA Life Support 
Umbilical, VIA, and Suit Multiple Connector configuration. As a beginning step in the design 
phase for the IVA Life Support Umbilical, VIA, and Suit Multiple Connector it is desired by 
NASA to have a Contractor design, fabricate, PDA test, and deliver a prototype system for use in 
the following flight environments: 1) IV A Open Helmet/ambient environment, 2) IVA Closed 
Helmet/ambient environment, 3) IVA Closed Helmet/vacuum environment. The prototype 
fabrication will follow the design decisions made by NASA in the base contract and the 
requirements as detailed in this SOW. The technical requirements for the IVA and EVA LSUs, 
VIA, and Suit Multiple Connectors are expected to change during the Basic contract and NASA 
will notify the contractor of any changes. 

Task Description: 

Form Team 

Form a team that has the personnel required to track and perform the required tasks defined in 
the contract. The team is to be limited in the number of people to those who are required to form 
an effective team and accomplish the design and performance requirements of the contract while 
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minimizing the contract cost. The team shall solicit the input of expertise outside the team as 
needed to accomplish the task at hand. 

The contractor is to plan to accomplish the entire job without dependence on NASA effort, other 
than initial requirement input and NASA-specific knowledge or documentation. NASA's effort 
may provide expertise and additional depth of study but shall not be planned into the critical path 
to accomplish the study requirements. The potential availability of government participants for 
this task is described in the Appendix (below). 

Develop Task Assignments 

Develop the appropriate task assignments for the umbilical design team. Since the exact nature 
of the expertise potentially available from NASA is needed in order to do a complete plan, an 
adjustment to the plan provided in the contractor's bid is expected to formalize the NASA 
participation. This planning adjustment shall not affect the scope of the contractor's work, but 
can increase or decrease the scope of NASA participation from that included in the bid plan 
tasks. 

Schedule Project 

Develop a schedule detailing the contractor's project plan, design process, anticipated milestone 
dates, and performance metrics. Since the exact schedule availability of the expertise available 
from NASA which maybe needed in order to do a complete plan, an adjustment to the plan 
schedule provided in the contractor's bid is expected to formalize the NASA participation. This 
schedule adjustment shall not affect the scope of the contractor's work but can increase or 
decrease the scope of NASA participation from that included in the bid. 

Select a Multiple Connector Design 

Given the dependency of the umbilical multiple connector design on the placement of the 
connector on the suit, NASA agreed to carry forward five umbilical multiple connector designs 
into the options phase: (1) Circular Connector with Quick Disconnects, (2) Cam Ganged 
Connector with Quick Disconnects, (3) In-Line Two Lever Valve Block, (4) Right Angle Two 
Lever Valve Block, and (5) Right Angle Single Lever Valve Block. The contractor shall 
fabricate medium fidelity prototypes of these connector concepts that have realistic mass, 
volume, and actuation method. The contractor shall fabricate two short lengths of umbilical hose 
(approximately ten feet), one with an overall diameter of two inches (+0.25 in, -0.0 in) and one 
with a diameter of three inches (+0.5 in, -0.25 in). These umbilical hoses shall be able to be 
attached to any of the five connector prototypes. The contractor shall design and fabricate 
hardware (e.g. straps, Velcro) to enable the attachment of the prototype connectors to the 
following suit locations: (1) helmet, (2) chest, (3) waist, and (4) thigh (Figure 1). The contractor 
shall support suited evaluations of the connector prototypes by the development of a test plan 
and attendance during the evaluations. The contractor shall collect data during the evaluations 
including photography and evaluator comments and ratings. The contractor shall support a 
connector concept review and present the results of the testing during which stakeholders (crew, 
MOD, engineering, safety, e.g.) will provide feedback on the connector design. The contractor 
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shall prepare a test report summarizing the purpose, method, and results of the connector 
evaluation. Following dle ~ew; NASA will select two COnnector COJ1cepts to proceed with 
during dle high fidelity prototyping phase. 

Figare 1. POilible UmbUkai Suit Location. 

Design Fabricate. ad Test Ball Valve Bleek Assembly 

The contractor shall de.ign, fabricate, and test a ball valve block assembly. Laboratory testing 
will conducted to characterize leakage rates, residual volume, and actuation forces in a vacuum 
environment. This testitJs will provide confidence that tho ball valve based connectors will work 
reliably in a vacuum environment. prior to completing dle de.ign of the prototype connector. 

Design and Fabricate IVA LSU, VIA, and Suit Multiple Connector Prototypes 

Using the design concepts developed and agreed to by NASA in the base contract and the 
connector selection phase of Option 1, the contractor shall design, analyze, generate ProE models 
(CADKEY for Circular QD connector), generate drawings, fabricate, assemble, verify 
requirements, PDA test, and deliver 2 prototype IVA Life Support Umbilical System, Vehicle 
Interface Assembly, and Suit Connector prototypes for laboratory testing. Requirements 
verification testing performed at the contractor's facility should be done together as much as 
possible and should be completed in the presence 'of a NASA official. The focal points of the 
prototype design and fabrication shall include the results of the trade studies, the design 
decisions made by NASA at the end of the base contract, and the prototype requirements 
supplied with this contract. As indicated in the table at the end of this section, the contractor 
shall also design and fabricate 2 NBL compatible covers for the umbilical. 
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Hardware Classification 

The planned use of this hardware is in a laboratory environment and the prototype is proof of 
concept hardware only. The prototype hardware will not be used for life support purposes. 

Systems Engineering and Document Integration 

System-level and development-level requirements will ultimately be entered and managed into 
Constellation-identified Cradle® requirements management software system. The contractor 
shall provide all documents to NASA for any requirements that differ or for new requirements. 
As NASA personnel will have prime responsibility for this conversion and it is expected that 
contractor support for this activity will be minimal. 

General Notes 

1. The Cooper-Harper scale will be used to rate all the subjective requirements. 
2. The contractor must demonstrate best effort to meet the "should" statements in this 

document. If a "should" statement cannot be met, the contractor must explain why they could 
not meet the specific "should" statement and what the impact is in not meeting the "should" 
statement. 

3. If any technical requirements change during the design or building phase of the prototype, 
then the contractor will get authorization from NASA. 

Materials Data Delivery Requirements 

All materials information required to satisfactorily complete the CTSD Materials Usage Log. 
Specific materials test and analysis information related to Section 1.8.1 thru 1.8.7 requirements 
shall be made available to NASA upon request. Procedure for approving the CTSO Materials 
Usage log is contained in CTSD document STB-E-083. 

Progrell Repom 

The contractor will be required to provide NASA weekly status email detailing the current status 
of their work, what has been accomplished, what work is planned for the next week, what 
issues/problems (if any) have arisen, and their plan to mitigate any issues/problems. The 
contractor shall also provide technical cost and schedule status on a bi-weekly basis. The 
contractor will also be required to support a weeJdy telecon or meeting with NASA. 

Generate Final Report 

The contractor is to generate and publish a report detailing their IVA Life Support Umbilical 
System, Vehicle Interface Assembly, and Suit Connector prototype designs including 
assembly/maintenance instructions, operations instructions, what if any are the limitations or 
unique performance characteristics of their prototypes, and their findings/conclusions to meet the 
contract delivery requirements for the contract Option 1. The contractor shall also include their 
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interface assumptions, identify issues/problems that have arisen, and their plan to mitigate those 
issues/problems. 
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Connector to Suit Attachment 2 2 April 
Hardware 2007 

Umbilical Multiple Connector 5 2 April 
Medium 2007 

Umbilical Prototype Hoses 2 2 April 
2007 

Handling Aids 2 Scptcmbcr 
28,2007 

IV A Umbilical 2 2007 

Multiple Connector 4 September 
28,2007 

Stowage Bag 2 September 
21,2007 

Suit Connector 2 September 
2001 

IV A Vehicle Interface Assembly 2 September 
21,2007 

NBL IV A Umbilical Cover 2 Scptcmbcr 
28,2007 

Certification 

Flight 

Training 

Other 

Test 
5EA 

paper and September 
V crification Data CD 28,2007 

Software N/A 
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All electronic document deliverables 
shall be delivered in .doc and PDF 
format which was generated directly 
without printing and scanning. All 
documentation delivered on CDIDVO 
should attempt to minimize the 
number of disks with different content 
(try to group multiple documents onto 

Other Products the same disk(s». 

A comprehensive report (in 
addition to a MS PowerPoint 
presentation) detailing the 
contractor's prototype design, 
analysis of the hardware (i.e. 
FMEA, sample test data, etc.), 
assembly/maintenance instructions, 
operations instructions, what if any 
are the limitations or unique 5EA 

Prototype Design performance characteristics . their paper and September 
Report prototype, and their conclusions. CD 28,2001 

A list which details all the materials 5EA 
the contractor used in the fabrication paper and September 

Materials Usage List of the prototypes. CD 28,2007 
All electronic models (ProlE) of 5EA September 

Electronic models prototype hardware CDs 28,2007 
All drawings, patterns, and specialized 5EA 

Drawings, Patterns, tooling developed for the fabrication paper and September 
and Tooling of prototype hardware CD 28,2007 

All work instructions and procedures 5EA 
developed for the fabrication and paper and September 

Build Paperwork assembly of the prototype hardware. CD 28,2007 
A weekly e-mail detailing the current 
status of the contractor's work, what 
has been accomplished, what work is 
planned for the next week, what 
issues/problems (if any) have arisen, 
the plan to mitigate any 
issues/problems, and intermediate 
results of concept development and 
trade studies. NASA-agrecd to earned 
value performance and performance 
metries and teclmical cost and 

Weekly Status schedule status shall be provided bi- 5EAe-
Report weekly. mail 
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SCHEDULE 

Start Date: February 5, 2007 Finish Date: September 28,2007 

Connector Prototype Hardware for 
Evaluations Complete 

Umbilical Multiple Connector Concept 
Review 

Prototype Design Documentation Complete 

Design, Fabrication, and Assembly of 
Prototype Hardware Complete 

Prototype Verification Testing Complete 

Final Presentation of IVA Life Support 
Umbilical, IVA Vehicle Interface Assembly, and 
Suit Connector Design, Verification Data, and 
Interface Assumptions 

Prototype Design Report Due 

Verification Data Package, Materials Usage 
List, Electronic Models, Drawings, Patterns, 
Tooling, and Build Paperwork Due 

April 2, 2007 

May 4, 2007 

June 29, 2007 

Augu.t 17,2007 

September 7, 2007 

September 14, 2007 

September 21, 2007 

September 21, 2007 

Milestones, along with subjective measurements, are to be used for measuring 
performance. 
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GOVERNMENT FURNISRm PROPERTY 

The CRAVE contracts do not anticipate tbe Government providing any property or test 
facilities unless requested by tbe contractor in tbeir response to a request for bid. 

In some rare cases (sucb as sustaining engineering task) it is known abead of time tbat 
government property will be provided to tbe contractor. In tbose eases the following list 
fdled out to allow tbe proper control of government property: 

A. List of Property tbe Contractor Shall Replace witb modified or upgraded venion.: 

Table 11 
, 

il
UIe ~!!;:.ertyi Date to be Furnished to the Item 

, 
Quantity Acquisition Cost Contractor 

J f 
-, .. . 

N/A N/A N/A 1 N/A N/A 

1 :1 ... 1 
I :1 'I .~, '_e~, ~ 

[Insert a description of the item(s). quantity. acquisition cost. and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
Identified and the determination to provide property Is determined to be in the best interest of the 
Government. 

B. Ust of Property tbe Contractor will return Intbe .ame eonflguration: 
Table 12 

C~~(M~ Date to be 

Item Acquisition Use of Property Furnished Quantity. . Cost Location to the . 

.. ...... Contractor 

N/A N/A 1 N/A 1 N/A I N/A 1 N/A 

[Insert a description of the item(s). quantity. acquisition cost. and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provUk property is determined to be in the best interest of the 
Government. 
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GOVERNMENT FURNIS'QjD PROPERTY 
(Continued) 

C. List of Property the Coutractor Shall Replace if Damaged or lost during the coone of 
tbe effort: 

Item 

N/A 

Table 13 

Use of Property 
Location 

N/Adt .. N/AL NIl.. ·1 N/AI ... N/A 

Date to be 
Furnished 

to the 
Contrador 

[Insert a description oj the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property wi/I be added as requirements are further 
identl./led and the determination to provide property is detennin«i to be in the best interest of the 
Government. 

D. List of Property tbe Government WUI Replaee if Damaced or lost duriag the course of 
tbe effort: 

Table 1.4 

11
- .IQ-tiq 

SIN (or LIN) • 

'I.. .N/AIN/A . J 

PIN 

N/A 1 N/AI 

Acquisition 
Cost 

N/A 

Use of 
Property 
Location 

. ... . ... 

I. N/A 

Date to be 
Furnished to 

the 
Contractor 

[Insert a description oj the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be In the best interest of the 
Government. 
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ATfACPMENTl 

The Government may exercise Option 2 described below for the option value listed on the DO 
cover page by written notification to the contractor from the time of completion of the base 
contract to within two months after the completion of Option 1. 

OPTION 2 TITLE: EVA Life Support Umbilical System with piataH eonaeetions, 
IV AlEVA Vehiele Interfaee Assembly, and EVA Suit Connettor Prototype 
BuHdlFabrication . 

Uaekground I Pr9b1em Qt"riptiop: 

After NASA has had time to evaluate the contractor's progress and design concepts from the 
base contract and possibly Option I, NASA will then decide if to enact theadditionttl contract 
option(s). The intent of Option 2 is to reserve the option to enact it either in parallel or in series 
with Option 1. Option 2 of the contract will entail the design, analysis, fabrication, testing, and 
delivery of a prototype EVA Life Support Umbilical System with pigtail connections, an 
N AlEV A Vehicle Interface Assembly, and an EVA Suit Connector to be used in table-top 
laboratory testing and zero-gravity aircraft testing. This prototype will not be used for vacuum 
chamber testing, manned testing, or with oxygen-enriched gas, but these cases should be 
considered during the design and fabrication of the hardware. The fabrication of the prototype 
will follow the design decisions made by NASA at the conclusion of the base contract and the 
requirements attached to this SOW. 

Purpose of the Current Effort 

One of the many issues that need to be addressed is the determination of the EVA Ufe Support 
Umbilical System, VIA, and Suit Connector configuration. As a beginning step in the design 
phase for the EVA life Support Umbilical with pigtail connections, VIA, and Suit Connector it 
is desired by NASA to have a Contractor design, fabricate, PDA test, and deliver a prototype 
system for use in the following flight environments: 1 ) IVA Open Helmet/ambient environment, 
2) N A Closed Helmet/ambient environment, 3) N A Closed Helmet/vacuum environment. The 
prototype fabrication will follow the design decisions made by NASA in the base contract and 
the requirements as detailed in this SOW. The technical requirements for the IVA and EVA 
LSUSs, VIA, and Suit Connectors are expected to change during the Basic contract and NASA 
will notify the contractor of any changes. 

Task Dgeription: 

Form Team 

Form a team that has the personnel required to track and perform the required tasks defined in 
the contract. The team is to be limited in the number of people to those who are required to form 
an effective team and accomplish the design and performance requirements of the contract while 
minimizing the contract cost. The team ,hall solicit the input of expertise outside the team as 
needed to accomplish the task at hand. 
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The contractor is to plan to accomplish the entire job without dependence on NASA effort, other 
than initial requirement input and NASA~specific knowledge or documentation. NASA's eft'ort 
may provide expertise and additional depth of study but shall not be planned into the critical path 
to accomplish the study requirements. The potential availability of government participantl for 
this task is described in the Appendix (below). 

Develop Talk Assignments 

Develop the appropriate task assignments for the umbilical design team. Since the exact nature 
of the expertise potentially available from NASA is needed in order to do a complete plan, an 
adjustment to the plan provided in the contractor's bid is expected to formalize the NASA 
participation. This planning adjustment shall not affect the scope of the contractor's work, but 
can increase or decrease the scope of NASA participation from that included in the bid plan 
tasks. 

Sehedule Project 

Develop a scbeduledetailing the contractor's project plan, design process, anticipated milestone 
dates, and performance metrics. Since the exact schedule availability of the expertise available. 
from NASA which maybe needed in order to do a complete plan, an adjustment to the plan 
schedule provided in the contractor's bid is expected to formalize the NASA participation. This 
schedu1eadjustment shall not affect the scope of the contractor's work but can increase or 
decrease the scope of NASA participation from that included in the bid. 

Design and Fabricate EVA LSUS with pigtaO eonneetiom, VIA, and Suit Connector 
Prototypes 

Given the results of the trade studies, the design concepts developed and agreed to by NASA in 
the base contract, the contractor shall design, analyze, generate 3~D models, generate drawings, 
fabricate, assemble, verify requirements, PDA test, and deliver a Prototype BV A Life Support 
Umbilical System with pipl connections, IV A1EV A Vehicle Interface Assembly, and Suit 
Connector prototype for laboratory testing. The models and drawings of all except the pigtail 
connector shall be in ProlE format. Requirements verification testing performed at the 
contractor's facility should be done together as much as possible and should be completed in the 
presence ofa NASA official. The focal points of the prototype design and fabrication shall 
include the results of the trade studies, the design decisions made by NASA at the end of the 
base contract, and the prototype requirements supplied with this contract. 

Hardware Classification 

The planned use of this hardware is in a laboratory environment and the prototype is proof ()f 
concept hardware only. The prototype hardware will not be used for life support pwposes. 

Systems Enpneerina and Document Integration 
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System-level and development-level requirements will ultimately be entered and managed into 
Constellation-identified Cradle® requirements management software system. The contractor 
shall provide all documents to NASA for any requirements that differ or for new requirements. 
As NASA personnel will have prime responsibility for this conversion and it is expected that 
contractor support for this activity will be minimal. 

General Notes 

4. The Cooper-Harper scale will be used to rate all the subjective requirements. 
5. The contractor must demonstrate best effort to meet the "should" statements in this 

document. If a "should" statement cannot be met, the contractor must explain why they could 
not meet the specific "should" statement and what the impact is in not meeting the "should" 
statement. 

6. If any technical requirements change during the design or building phase of the prototype, 
then the contractor will get authorization from NASA. 

Materials Data Delivery Requirements 

All materials information required to satisfactorily complete the CTSD Materials Usage Log. 
Specific materials test and analysis information related to Section 1.8.1 thru 1.8.7 requirements 
shall be made available to NASA upon request. Procedure for approving the CTSD Materials 
Usage log is contained in CTSD document STB-E-083. 

Progress Reports 

The contractor will be required to provide NASA weekly status email detailing the current status 
of their work, what has been accomplished, what work is planned for the next week, what 
issues/problems (if any) have arisen, their plan to mitigate any issues/problems, and NASA
agreed to earned value performance and performance metrics. The contractor shall also provide 
technical cost and schedule status as well as intermediate results of concept development and 
trade studies. The contractor will also be required to support a weekly telecon with NASA. 

Generate Final Report 

The contractor is to generate and publish a report detailing their EVA Life Support Umbilical 
System, IV NEVA Vehicle Interface Assembly, and Suit Connector prototype design including 
assembly/maintenance instructions, operations instructions, what if any are the limitations or 
unique performance characteristics of their prototype, and their findings/conclusions to meet the 
contract delivery requirements for the contract Option 2. The contractor shall also include their 
interface assumptions, identify issues/problems that have arisen, and their plan to mitigate those 
issues/problems. 
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Handling Aids I 2007 
EVA Umbilical with pigtail I September 
connections 28,2007 

Multiple Connector 2 September 
2007 

Stowage Bag I September 
28,2007 

Suit Connector 1 September 
28,2007 

IV AIEV A Vehicle Interface Assembly 1 September 
2007 

NBL EVA Umbilical Cover I 

Certification 

Flight 

Ttaining 

Other 

Test 

5EA 
paper and September 

Verification Data Package CD 28,2007 

Software N/A 

Page 18 of26 



J • . . - CREW, ROBOrl AND VEWCLE EQUIPMENT (CRA 'CONTRACT 
DELIVERY ORDER II: CRA VE-EC5-D021 

RcviPoP 3 - JuDe I. 2007 

All electronic document deliverables 
shall be delivered in .doc and PDP 
fonnat which was generated directly 
without printing and scanning. All 
documentation delivered on CDIDVD 
should attempt to minimize the 
number of disks with different content 
(try to group multiple documents onto 

Other Products the same disk(s». 

A comprehensive report{in 
addition to a MS PowerPoint 
presentation) detailing the 
contractor's prototype design, 
analysis of the hardware (Le. 
FMEA, sample test data, etc.), 
assembly/maintenance instructions, 
operations instructions, what if any 
are the limitations or unique 5EA 

Prototype Design performance characteristics their paper and September 
Report prototype, and their conclusions. CD 28,2007 

A list which details all the materials 5EA 
the contractor used in the fabrication papcrand September 

Materials Usage List of the prototypes. CD 28,2007 
All electronic models (prolE) of SEA September 

Electronic models prototype hardware CDs 28,2007 
All drawings, pattems, and specialized 5EA 

Drawings, Pattems, tooling developed for the fabrication papcrand September 
and Tooling of prototype hardware CD 28,2007 

All work instructions and procedures 5EA 
developed for the fabrication and paper and September 

Build Paperwork assembly of the prototype hardware. CD 28,2007 
A weekly e-mail detailing the current 
status of the contractor's work, what 
has been accomplished, what work is 
planned for the next week, what 
issues/problems (if any) have arisen, 
the plan to mitigate any 
issues/problems, and intcnnediatc 
results of concept development and 
trade studies. NASA-agreed to eamed 
value perfonnance and perfonnance 
metrics and technical cost and 

Weekly Status schedule status shall be provided bi- 5EAe-
Report weekly. mail 
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SCmmulE 

Start Date: February 5, 2007 Finish Date: September 28, 2007 

Prototype Design Documentation Complete 

Design, Fabrication, and Alsembly of 
Prototype Hardware Complete 

Prototype Verification Testing Complete 

Final Presentation of EVA Life Support 
Umbilical, EVA Vehicle Interface Assembly, and 
Suit Connector Design, Verification Data, and 
Interface Assumptions 

Prototype Design Report Due 

Verification Data Package, Materials Usage 
List, Electronic Models, Drawings, Patterns, 
Tooling, and Build Paperwork Due 

June 29, 2007 

AUlUIt 17,2007 

September 7,2007 

September 21, 2007 

September 21, 2007 

September 21, 2007 

Milestones, along with subjective meuurementl, are to be Uled for mealuring 
performance. 
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gIANGES TO DRDs: 

PATA BEOUnmMENTS 

All DRs contained in the contract are applicable and required unlen marked N/A below. 

NOTES: 1. GREY SCALED ROWS NEED NO 
2. ON ALL OTHER ROWS,IF NECESSARY, FILL IN ADDITIONAL 

~n..I~.3 IN LAST COLUMN. 

y 

N 

N 

N 

N 

y 

N 

N 

N 

N 

N 
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CREW, ROBA AND VEHICLE EQUIPMENT (CRAt) CONTRACT 
DELIVERY ORDER N: CRA VE-EC5-D021 

Rem. 3 - ,June 1.1007 

N 

N 

y 

N 

N 

N 

N 

N 

N 

N 

y 

N 
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CREW, ROBOTt AND VEHICLE EQUIPMENT (CRAI) CONTRACT 
DELIVERY ORDER II: CRA VE-ECS-DOll 

&viIi. 3 - luge 8. 2007 
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• 
CREW, ROBOT' AND VEHICLE EQUIPMENT (CRAI> CONTRACT 

DELIVERY ORDER II: CRA VE-EC5-D021 
Rcyisigg 3 - June 8, !t!7 

CUANGES IO G9l'ERNMttNT f.UBN:lmIP lRQfDTX: NONE 
(IF YES, mEN INSERT GOVERNMENT FURNISHED PROPERTY TABLES) 
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•• 

CREW, ROBOTIAND VEHICLE EQUIPMENT (CRA I) CONTRACT 
DELIVERY ORDER II: CRA VE-EC5-DOl1 

Reyi.iOft 3 .... JBM 8.l,!!O' 

GOVERNMENT FURNISH1ID PROPERTY 

Tbe CRAVE contracts do not anticipate the Government providing any property or test 
fadities unless requested by the contractor in their response to a request for bid. 

In some rare cases (such as sustaining engineering task) it is known ahead of time that 
government property will be provided to the eontractor. In tbose cases the following list 
f"dled out to allow tbe proper control of government property: 

B. List of Property the Contractor Sball Replace with modified or upgraded venions: 

Table 11 

Item Quantity Acquisition Cost I Use of Property Date to be Furnished to the 
. Location Contractor 

.... .-

N/A I N/A I N/A I N/A N/A 

I I I 
I I I 

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor]- List of Property will be added as requirements are further 
identified and the determination to provide property ;s determined to be in the best interest of the 
Government. 

B. Lilt of Property tbe Contractor will return in tbe .ame confi.uration: 
Table 12 

~IW(wum Date to be 

Item Quantity Acquisition Use of Property Furnished 
Cost Location to the 

Contractor 

N/A I N/A I N/A I N/A I N/A I N/A 

[Insert a description of the item(s). quantity, acquisition cost. and date the properly will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 
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CREW, ROBOTI AND VEHICLE EQUIPMENT (CRA') CONTRACT 
DELIVERY ORDER II: CRA VE-ECS-D021 

Rtyi.ion 3 - ,June 8. aOO7 

GOVERNMENT FURNISHED PROPERTY 
(Continued) 

D. Lbt of Property tbe Contractor Sball Replace if Damaged or lo.t during the coune of 
tbeeffort: 

Table 13 Il SIN (or IJN) 
Date to be 

Item 
Quantity ..... ... .• .. .. . AC~!:ion 

Use of Property Furnished 
Location to the 

Contractor 
N/A I N/A I N/A I N/A I N/A I N/A 

(Insert a description of the item(s), quantity, acquisition cost, and date the property will bt 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 

D. Lbt of Property the Government Win Replau ICDamaged or lost during the course of 
the effort: 

Table 1.4 

I I_IQ~ 
.. 

PIN SIN (or LIN) 
Use of 

Date to be 
Acquisition 

Property 
Furnisbed to 

Cost tbe 
Location Contractor ... .. 

I N/A I N/A I N/A I N/A I N/A I N/A 

(Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determiMtion to provide property is determined to be in the best interest of the 
Government. 
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. -. ...,j ..... 
NMionoIi Mronautlcs and Space Administration 
LYncton a.JOhnson Space Center 
ttou.Ion, pc 77058 

ORDER FOR SUPPLIES OR SERVICES Page lof 27 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJOSHB.oIOB, CRAVE D021R2 See Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing Office: 4. Ship To: 
NASA Johnson Space Center, 2101 Nasa ParKWay Transportation Officer, BuUding 421 
Houston, TX 770~96 NASA Johnson Space Center 
Oi"g.lBuyer: BH2IMarv Thomas Houston, TX 77058-3696 

Mark For. ACCOIiIrtaIile Property 

tel No.: 2iil...483-M2§ Fax: ~1~1~ Order No.: M!':M!'§!:I~a CRAVE D021B~ 
E-mail: marv.f.thomlWllnasa.oov 
5. Contractor: 6. Deliver On or Before: 111116106 to !!I31/07 

F.O.B. POint: DESTINATION . 
Oceaneerlng Space Systems 
1~ Spatie Center Blvd Discount Terms: Net 30 Days. 
HoustQn, TX 77058 

7. BILLING ADDRESS: 

Phon&: (281) 228'5371 x Felt (281) 22!S'5545 NASA·Jol\iisofi Space Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 95-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE D021R2 

8. Type of Order: 
0 PlJRCHASE: Please furnish the following in 0 DELIVERY: Except for the Terms and Conditions of Purchase 

a~rdan(le with the conditions specified on this order. 9rder ~ed on the foItowin" page, this dfillivery order is SUb~ect to 
RE!ferEi~¢e: __ · _ ~nstructio3s CO:'imKi or tn::rmlilngJ issued ll\JbJ~ to . ~e 

erms an con ons co num, --'-.. . 

9. Written ilcceptance of this order byoontractor lD 1 is,lI8I ] is riot 10. Name: Ronald Johnson 
required. Sign below If required and return to contracting ofticer. 

~ ~ ~ ~ ...... Name: __ (Person authorized to sign) 

Signature: Date: -- Signature:~. t»tA rrJ ~J~~I'Qate:i2ez~7 
CONTRACTING )FFICER . 

11. SchedUle II 
IlEM 

DESCRIPTION 
QUANTITY 

UNIT UNIT 
AMOUNT 

QUANTITY 
NO. ORDERED PRICE ACCEPTED 

LIFE SUPPORT UMBILICAL SYSTEM 

1 CRAVE DO 21, Rev 2 is issued to p.torm the following activities: LOT hi 
1. Revise the Statement of Work for Options 1 and 2. 

2. Increase Option 1 value by , !.., .. " 

Changes to the Statement of Work have been vertically bar-marked In the 
attached. 

continued 

12. For JSC Internal Use Only: 13. Total 
Requisition No.: NlA 0 COMPo 0 PART. PPC: --
RissueTo: sC/Joe Gensler x30025 For: ECJNicoie Jordan, x39127 

$ NTE 734,585 

14. Quantities in "Quantity Accepted" Column Have Been 
0 INSPECTED 0 ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE Will BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representative Date 
JSC Fonn 1-43 (Rev November 10, 2004) (MSWoni Augusl1995) 
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Order No.: CRAYIi:iCI-D021Bl DER FOR SUPPLIES OR SER S 
PAGE 2 ofZ7 (CONTINUATION SHEET) 

SCHEDULE 
ITEM DESCRIPTION QUANTIlY UNIT UNIT AMOUNT QUANTIlY ORDERED PRICE ACCEPTED 

LIFE SUPPORT UMBILICAL SYSTEM 

DO 21 VALUE RECAP: 

THIS ACTION 
PRIOR D021R2 CUM VALUE 

BASE 
U

L

' lilt l?'\' OPTION 1 
OPTION 2 j 

TOTAL REVISED VALUE = $734,585 

THIS IS A CPFF DELIVERY ORDER 

I 

JSC Fo"" 1428 .. November 10 ,2004) (M (R SWord A uot 1 



Background 1 Problem Description: 

After NASA has had time to evaluate the contraCtor's progress and design concepts from the 
base contract NASA will then decide if to enact the additional contract option(s). Option 1 of the 
contract will entail the selection of an umbilical multiple connector design and the design, 
~ysis, fabrication, t~ and delivery of a prQtotype lV A Life Support Umbilical, an IVA 
V ~~l~ ~~ Assembly, and an IVA Suit Multiple Connector to 1)e t1secl in table-top 
laboratory testing and zero-gravity aircraft testins. This prototype will not be used for vacuum 
chamber testin& manned testing, or with oxygen-enriched gas, but these cases should be 
considered during the design and filbrication of the hardware. The fabrication of the prototype 
will follow the design decisions made by NASA at the conclusion of the base contract and the 
requirements attached to this SOW. 

Purpose of tile Cnrrent Eft'ort 

One of the many issues that needs to be addressed is the detennimition of the IVA Life Support 
Umbilical, VIA, and suit Multiple Connector confi~on. As a beginning step in ~~ ij¢&gn: 
phase for the IVA Life Support Uniblliciil; ~ and Stiit Multiple COnnector it isdeSitt~d 6y.· . 
NASA to have a ContraCtor design, fubticate; PDA tesl:;8Iid deliVer Ii protatypesystiml ~OI.'-~~ J!i 
the following flight environments: 1 ) IVA Open Helmet/ambient envirofilIiCirt, 2) IV ACloseQ .. 
Helmet/ambient environment, 3) IVA Closed Helmet/vacuum environment. The prototype 
fabrication witl follow the design decisions made by NASA in the base contract and the 
requirements as detailed in this SOW. The technical requirements for the IVA and EVA LSUs, 
~ and StJit Multiple Connectors are expected to change during the Basic contract IlQc:l NA5.A. 
will notifY the contractor of any changes. . 

Task Description: 

Form Team 

Form a team that has the personnel required to track and perform the required tasks defined in 
the contract. The team is to be limited in the number of people to those who are required to form 
an effective team and accomplish the design and performance requirements of the contract while 
minimizing the contract cost. The team shall solicit the input of expertise outside the team as 
needed to accomplish the task at hand. 

The contractor is to plan to accomplish the entire job without dependence on NASA effort, other 
than initial requirement input and NASA-specific knowledge or documentation. NASNs effort 
may provide expertise and additional depth of study but shall not be planned into the critical path 
to accomplish the study requirements. The potential availability of government participants for 
this task is described in the Appendix (below). 

Develop Task Assignments 
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• . , 

-j)evelop the appropriate tasJc aSsignments for t~e umbilical design team. Since the exact nature 
. ortpe expertise potentially avaiIa))lefrom NA!)A is neeqeq in order to qo a compIefe-pliin;iiii

-adjustment to tlle plitii provided in the coiittaclor's 1)i4 is exi>ecieq to formitlize the NASA . 
participation. This plariiiiiig adjustmeiit shitll not affect tile scope ofilieconiraclor's w()~out 

. ~an iii~rease or (lecrease the scope ofNA~A participation from tliat inclueletl in tlie bid plitii· . 
tasks. 

-p-evelop a sche<lu~e detailirig the contractor's project plan, 4esign process, ariticipated milestone 
elates, -itiiqperrormance metrics. ~ince the exact scnequleavmla1)Hity oftlieexpertise aVaIlable 
from NASA whiCIl maybe needeq hi order to elo a complete plan, itii adjustment to the plan· . 
schedule provided in the contractor's bid is expected to fonnalize the NASA partiCipahon. TIlis 
schedule adjustment shall not affect the scope of the contractor's work but can increase or . 
decrease the scope of NASA participation from that included in the bid. 

Select a Multiple Connector Design 

Given the dependency of the umbilical multiple connector desilPi on the placement oftJie . 
eolii'ieCfot on the sWt~ NASA agreedto cmry totWatd five umbilical multi-Ie cofiii~ot desi----· 
hitQ tht PpdQDS phase: (1) tit. ~with Quick DiscPnneets; (~Can1 Oangtd ~ 
CQJm~Qr ~ Qq.cIt ~~ects, (3) tn-thte Two ~ vai~ ji~ (4) iU8ht AIJsi~ Two 
~~ V~~B~ ~d. (5) lUsht Atlgle ~msle:Lever V~" ~lock. ~ l.:9~r ~ 

et~~~~~::l=~~~~=t~ha~;~ffiU~bOse 
(appr&XimitelY teil teet); oneWitli an OVerall diameter 6ftWo mcliCi (+0;25 iii; .0.0 Ui)and one 
With.a diameter oftbree inches (+05 in, ..(}.2S in). TlieSeufiiliiliCilliOSeSshall be able to be 
~~hed to any 6ft1ie !iy~ ooi1fiectot ptOtOtypes •. The ~ stWl. desiiPi and fabricate 
tmntware (~.S smap8, Vel~) to enabl¢ the 8ttammetU Qfthe prot()type cO~ to the 
tbUf.lwing spitt~~9D$: (I) hebnet. (2) cit. (3) wtrist, an<i(4) thlgh (Figure i). The W~ 
!!~ ~ppo~ ~ evat~()IIS,9t~ C9t11l~or~ by~ tl~.op1D.~m ot~. pi@ 
~4~en4ance during the evaluations_ The ~or sJ.aD conea tWa dtJring tile ev~1Ulijorls 
mcludilig phOtogri!pfij aDd evahiittOi' OOrititieDts and ridiiIgS. The ~ shall support Ii 
ooiilieetor OOnceptreview Iful· present the re8WtS oftlie le8lmj awmgwmeh 'stakeJioldcrs (crew; 
MOD; engmeenng, wety; e.g.) Will proVide feedbiCk on the ~ design. The e6ntt8ctof 
shall prefjatt a test t~ swrimariziii- the N~. m.ethod; and results Qftlte coDi'iedOt _ . . ,._. _. _ WI"?'" . _ 8. Y.'.""J""..v; _ _ _, ,._ 

~ation. FoUf.lwing the review, NASA wiIl1nak:e a detet'Dlinatk>n on the connector d~sign and 
instruct the~rhQWtoproceedwith theIUgh fidelity Pl'Qtotype. 
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.... .-

.. ~ 

.. ···i·:·· ·~~:r"-······· 

u.smg me design ~ developed and ~ to by NASA in the baSe oofiti'iiCt iiid the 
COMeCtof S$Ct1on nbase ofOptifin I. the ~sbaIl desi··- mai'· ---, "enerateProB _. . • .t" " , ,_ .. .• ,gn; __ yze g . _, 
mP4els, 8~e ~wings, tilbricate. as~bte, ~rlfy requireUletlts, Pl)A test, IIJld ~l!ver a 
p-~ iVAtife Su~ tJmhUicet Syst~ VehMe ir¢~ Assemhiy, ~ Suit cQnn~Qr 
Proto~ ~ ~()rntQl'y t~.ll~m~ verifjClliJo~ t~sd,ngPtsfulllle4 ~i th~ CQ~'!I 
facility liJta~4 be <Jane together as much as possible and should be complete4 in the presence of 
a NASA official. The fOOl! Prim Of the PrototYPC dCSip and fabrication Sbatl inclUde the results 
of the trade studies; the design deciSions made by NASA at the end Of the base oonfi'atit; and the 
prototype requirements SUpplied Witlithis COiiI:tilCt. . 

-- '-liai-dware' CiUsitiCiii~n---' 

T~e planned use oftbis hardware is in a'laboiitoiy environment and the prOi01:ypf:'iSprooToT
- ... 'concept JW(iware oruy. The prototype hardware will not J;e u8e<J for life support purposes. 

~ysteliis~DidDeeiirig an" ~ocumeti*rn~igration 

-" -~ystenHevel and (JeveJopmerii·level requirements will uJtimatelybe entere(i and iiianage(i into 
CoriStelhition.icleiitifie(i Cradle® requirements manageiiientsoliware sysiem~· The contractor 

,-- snaIl provi(ie all doCuments to NA$A for any requirements· that cliffei' or for new requirements .. 
. . As NASA personnel will nave prime responsiJ;iliiy fof tJ)is conversion and ifis expeC'teatniit
---conti-actOr Support for this aCtivity willJ)e miiiimal. 



.. -CREW, ROBOTICS AND VEIUCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER N: CRA VE-ECS-D021B2 

General Notes 

1. The Cooper-Harper scale will be uSed to rate all the subjective requirements. 
2. The contractor must demonstrate best effort to meet the "should" statements in this 

document. If a "should" statement cannot be met, the contractor must explain why ili.ey coul4 
__ Ji§t meet" i~especificushou14" 'siaiemeni aiiq 'what the impact is in not meeting'tlie "s1iO~rcr--

statement. ' 
, -3. ~aiiytecliriicat requiremenisCliaiige <luring tlie design or bUil4ing pnaseoItlie prototype, 

tlien ilie coiitiactor win get atrtliorizauon from NA~A. -

, :M:ate~ilJS Pita pelivery "1{equirement$ 

-An materials inmrmatioiirequrreato satisfactorily complete tliecr~PMatenaIs Usage ~og. 
-$'pecific materials test iiii<laiialysis informatioii relateaio ~eciioii l.J. r tJifu Ll7feqwremenIS--

--SJiaII1;o maqe available to NASA upon request Procedure fofapproving the CT~P Materials 
Usage log is ooniaine4 iii CT~p4oCumeiit ~11H}~:r.-

:frogress Reports 

TIleoontfaCtOtWill be requ.ii'ed to ------VideNASA weekl- StiifiiS email detailio-theCi.ii.fiifitSUUus , - -' - ' - -, - pro". " X - . "" $ ., 
Ofthelt work, Wbat bas beti1 accomplished, WIiat work: is-1Wt~ tbr~ ftext week, wllat . -.. -'" .. . . -. - .P .'.. < '_ •• _ 

iS$t1~slPfobl~ (if~)",ve ari~ ~ their p~ t9 Ji1itigat~ any i~~ob~¢mS. 1'Jte 
CQ~Qr sbatllls<.l pf(Jyi~ ~bW~ cost ~ ~ stat.qs Oft a bi-~ "~js.Th~ 
co~or will ~S<.l be require4 io suPPOrt a weekly telec:on or meetiJlg whhNMi\.. 

The ooirtftiCtor is to': erterate and . "ublish a re ott detailiD' their IVA LifeSti ,. --otfU'mbilica1' . " " g - . P ... p ,g,. . "pp,. -
System. Vehicle Interface Assenmly; and Suit Cotii'leCtot pWtQtYPedesign ift~lUding '" .. " '" 

, aSsembly/maintenance instructions, operations instru~ons. whadfany are the jitn'tatio.ns-or 
'4mqp~ ~rmance c~a~eristics of their prptotype, and their tWdingsfconcltisiQns iQme~.th~ . 

. w.ntr3Ct 4elivery requireQltmts for the <:ontr~ Opti.on 1. !he <:OJltractOf s~ ms() ip~rn4~th#r 
interrace assumptions, identify issuesfproblems that have arisen, and their'plan t9 triitig~te.ilios~ 
iiisu~S1piobIems~ -- ... 
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• tit 
CREW, ROBOTICS AND VEIDCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER ##: CRA VE-EC5-D021B2 

Deliverables/Produets: 

/:,"\ > I', .".'" . , .... •.•.. .' ... .... . ............ '. .••. ' .. '.' •... • ..... 1 ',::,>i. i' 
:",';;(':ri~~ij~t .. ~H;;,':;;~';:· ~ .. :;',:'.i ~~ripgg~t·· •..........•• :< .. '., .•.. '\{6&i: >::·'~~~i::.I~;'~!·<Ct~~:.: 
Ilardware 

MockUp 

Prototype 

.. 

' .... 

... 

"'".,"" : 

.. !'1i~" 
Training 

.~' 

. '. 

Software 

Connector to Suit Attachment 
JIardware 

Umbilical Multiple CoOllCCkn' 
~. FidclityPrototypcs 

Umbilical Prototype Hoses 

Handling Aids 

N A Umbilical 

Multiple Connector 

Stowage Bag 

Suit Connector 
. 

tvA Vehicle interlace Assembly 
.. 

.... 

v crification Data Package 

N/A 
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.~ 
~l,2PQ7 

August 
31, 2007 
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3i. 2007 

MgUSt 
:U.,2Q07 
.~ 
3i2007 .. ~ '-.. -.. " 

AujUSt 
~i,2001 

paper and August 
CD 31,2007 

. ..... 

. ... 

. 



.. -CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER H: CRAVE-ECs..OOllRl 

. 

All electronic document deliverables 
sbalI be delivered in .doc and PDP 
fannat which was generated directly 
without printing and scanning. All 
documentation delivered on CDIDVD 
should attempt to minimize the 
number of disks with different content 
(try to group multiple documents onto 

Other Products the Same disk(s». 

A comprehensive report (in N/A 
addition to a MS Power Point 
presentation) qetailing the 
contractor's prototype design, 
analysis of the hardware (i.e. 
FMEA. sample test data, etc.), 
assembly/maintenance instructions, 
operations instructions, what if any 
~e~efimmruonsm~e SEA 

Prototype Design performance characteristics their paper and August 
Report prototype, and their conclusions. CD 31,2007 

A list which details all the materials SEA 
the contractor used in the fubrication paper and Aosust 

Materials Usage List of the prototypes. CD 31,2007 N/A 

All electronic models (ProlE) of SEA Au~. 
Electronic models prototype hardware CDs 31,2007 N/A 

All drawings, patterns, and specialized SEA 
Drawings, Patterns, tooling developed for the fubrication papcrand August 
and Tooling of prototype hardware CD 31,2007 N/A 

All work instructions and procedures SEA 
develOped for the fabrication and paper and Aup 

Build Paperwork assembly of the prototype hardware. CD 31,2007 N/A 

A weekly e-mail detailing the current 
status of the COJJIIactor's wotk, what 
bas been accomplished, what work is 
planned for the next week, what 
issueslproblems(ifany) have arisen, 
the plan to mitigate any 
issues/problems, and intermediate 
results of concept development and 
trade studies. NASA-a.grccd to earned 
value performance and performance 
metrics and technical cost and .. ,--:" 

WeeklY Status schedule status shall be provided bi- 5EAe-
Report weekly. mail N/A 
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'., . • --CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER H: CRAVE-EC5-D021R2 

SCHEDULE 

Start Date: February 5, 2007 Finish Date: August 31, 2007 

r~i~:i~!·j';.\\;~~;c~,¥n·Jt~f~~s.··· .. 
Connector Prototype Hardware foi' 
~valwltions Comp.""e 

Umbilleal Multiple Connector Concept 
Review 

Prototype Design Documentation Comp.ete 

Design, Fabrieation, and Assembly of 
PrOtOtype Hardware Complete 

Prototype Verif"ation Testing Complete 

r ..... Presentation olIVA Life Support 
tJ~~~ IV ~ 'Vehicle Interface AsIeQIbly, and 
Suit ConneUor Desi:n, Verification Data, and 
lQterface AssUJllPtio ... 

Prototype Design Report Due 

Verification Data Package, Materials Usage 
LiSt, J;l~lIic ~odeJs, Dra_a;, '.«ern" 
T~~g, and BtJiId Paperwork Doe 

April 1, 2007 

May 4, 2007 

June 1,2007 

July 24, 2007 

August 7, 2007 

August 21,2007 

August 31, 2007 

August 31, 2007 

MUestones, along with snbjective measurements, are to be used ror measuring 
performance. 
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CREW, ROBOTICS AND VEIDCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER ##: CRA VE·EC$·D021R2 

CflANGES TO DRDs: 

DATA REOUIREMENTS 

All DRs contained in the contract are applicable and required unless marked N/A below. 

y 

N 

N 

N 

N 

y 

N 

N 

N 

N 

N 
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.. 
P!m ,··:DATA 
'if. " TYPE 
~,' ~~ "< ' /.-, . ~ ... 

l4 
Written . 
IApprwal, 

,,'. Io/ri~en 15 APPI!>yal·. 

" 
:' •••• ' • > 

[Written 16- Approval.' 
.. 

<', 
[.' , 

lWri~ r .... 
.'.J7. 
,'; .,,''., [A~i"oval ,...... . " ....... li jc ' . .. '. I;. , 

, tory '/18'" 
StJbIl1ittal' 

.:", "' 
' . 

f,,-'· '" .....•. ' .. ,' ... 

t " ...... ~:tkf .19. 

t:··. ", ' ... , 

" . Wrihen :, 20 
, ~pproval 

.21 Written 
.. , .. ' Approval .. 

22 SUbnli: ..... , 
' .. 

( 

".23' WPttert 
Approval 

24 
Written 
iApproval 

, 

~datory 
,.,25 Submittal 

26 ~datory 
Submittal 

27 ~datorY 
Submittal 

.",: .:. 

~datory 28 
Submittal 

I) tit 
CREW, ROBOTICS AND VEIDCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER N: CRA VE-ECS-D021R2 

.. .' ..... 
REQUIJlED 

»R,Q'lTl'LE' But .FlU:Qm:NCY· I· .• · FOltj)~,?,i '-':,--' .,'~- ... ,< :>: '" 
. 

. 
.. YIN, 

GFE Software Development Plan S~ified in DO Once with Revisions N 

GFE software Design Document Specified in DO lAs Required N 

iEUgineering Drawings 
At Final 
Presentation 

Once with Revisions Y 

I ." !El'ill Parts Lists and Analysis Report Specified in DO As Required N 
', .. " . 

. , ' .. 

Critical Design Review Data 
:Package . Specified in DO Once with Revisions N 

.-

En/Wleering Drawing Change . [As needed iAs Required N Proposal . 

GFE Qualification Test Procedure Specified in DO Once with Revisions N 

Flight Product User's Guide Specified in DO Once with Revisions N , . 

Software Code S cified in DO pe , lAs Required N 
. 

(30) days after DO 
luformauon Techilology (IT) ~ward, and as JPG 2810.1 I N 
S~ty Program Plan and Reports ~pecified in JPG 

2810.1 

Certification Plan Specified in DO Once with Revisions N 

Certification Report Specified in DO Once with Revisions N 

Engineering Analysis Specified in DO As Required Y 

ACceptance Data Package Specified in DO !oneTime N 

IExport Control Audit Results 
iAfter award of 1 st 

[Yearly [Do, yearly on N 
Sept 30 thereafter . 
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In ProlE format. 
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lFinal Design Report 
in .doc and .pdf 
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"- . 

~n 
:t.:;~~'~\:. ~l;;~~ 

Written 29 
APProval . , 

30 Written 

-'-
Approval , 

.: .... : .: Written ..... 
31 

. :. : t\ppr,oval 
. '.", ¥iut!latO. 32 s~rirlttalry ,.:. 

.j:f Written 
~.'..,' ~PProval I: ...... 
,'.,".::. rw!itten '. :;34' 

[4Pi>rovai :,' .. ,': 
(:-. ':' ~I" .... ' .. 

35 ,fitten 

i"': •• '. !Appj:qval 
,.<' '.' 

[Written . 
'36: [A.ppi~:U .•• · .,: "', '.:':: 

31· [(JP9ll 
".' '. ~eqlU)st 
i ,.: 

tJ!~al :38 
:' :. : 

':·.39, [Written . 
A-pprOval 

. ,- . 
. . 

:40 Writtell 
ApProval 

r .... I .... , . 

l d1 Upon . 
l,lequ.est . 

Mandatory 42 
Submittal 

. . 

Writt~ 43 
Approval 

'44 Mandatory 
Submittal 

45 Written 
Approval 

46 Upon 
Request 

47 Written 
Approval 

CREW, ROBOTICS AND VEIDCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER H: CRA VE-E,S-D021R2 

I" l)lfu 'ttrLE . 
RJ.£QVJRE]} 

l)UE . FREQUJj:NCY .. F()lt PO? 
L, .. :.,.:. .. ".' .::: ': .. ' .. . ' . 

~-
• YIN . 

. 

Once with Revisions AftaclUj!ent 
Quality Plan With Proposal J-l1 

Patent Rights-Retention As Required As Required N 
. 

Shuttle/Station Payload Safety Data Specified in DO As Required N Package . ' ".' 

L.kntedl:.ife Systems List Specified in DO As Required N 

Spacestation GFE Failure Modes lAs Early in process 3ndEffectsAnalysis and Critical As Required N 
IwmsList ~. pOssible. 

Spa~ Shuttle.GFE Safety and Specified in pO As Required N 
AnalYs~s Report &Hazard Report 

90 Days Prior to 
~oft\Vare Quality Assurance Plan Software Once with Revisions N ~eport . Development ", .,. " . . 

. -' .. 

~SS Hazard Report Specified in DO As Required N 
:.... . 

. 

[R.eIiability and Maintainability Plan With Proposal OneTime N 

iGOveniment Certification Approval Specified in DO l\s Required 
. 

Request (GCAR) N 

Risk.Assessment Executive 
Siunl1lary Report (RAESR) Specified in DO lAs Required N 

2 business days of 

l'roblem Reporting and Corrective problem isolation 
As Required Action (PRACA) but no later than 10 N 

days after 
detection 

lNonconformance Record Specified in DO [As Required N 

Govermnent IndUstry Data Exchange Reported one time 
lProgramand NASA Advisory when discrepancy pnce 'with Revisions N 
l'roblem Data occurs 

Electrical, Electronic, and 
Electromechnical (EEE) Parts Specified in DO [once with Revisions N 
Control Plan 

Certification Data Package Specified in DO pnce with Revisions N 

Certification and Acceptance 
At CDR Once with Revisions N Requirements Document 

Wage/Salary and Fringe Benefit Thirty (30) days 

toata 
after issuance of [once N 
each DO 

GFE Acceptance Test l'rocedure Specified in DO OneTime N 
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c:REW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 
DELIvERY ORDER H: CRA VE-Ecs.fiOllR2 

DUE 
REFOQRUDIREO' ?D ADDJTIO, N",At>, ',' 

FREQUENCY" 
, YIN REQUIREMENrS 

'48 ',_",ory FlightGFEVerificatioli& 
Submittal Validation Report 

Mandat -" Space Shuttle GFE Failure Modes 
49 Sub .~ry ~dEffects Analysis (FMEA) and 

, nu ,', Critical Items List 

" 50 ",' Reserv~d 

.',., 51 :¥an~()ry iNA-SA Contractor F~cial 
':'" '., '" S:ubpnttal ~gement Reporting 

Specified in DO Once with Revisions N 

Specified in DO As Required N 

After Issuance of 
!Monthly N 1st DO 

[52 Written ,',' GQvernmentPropertyManagement 
,'.' [ApprOval [plan , , 

With Proposal Once with Revisions AttaciuneJ!.t ' 
J~7 

53 ~s'.~," ... , •• 'nu'(fh.rtottal-"'. rY SystemSafetyPlan With Proposal OneTime Attachment 
::':. uv 

", 

~54' [writtep IR-Quality Plan Template 
Approval 

c "", " 

t~I"',w:"~~al . ,"': 1"~,7,_,,., ,~,~vr", :' 

~ith Proposal! 
Revisions as 
[Required 

, 

Only applicable to B
CRAVE contracts in 
accordauce with the 
SOW and the DRD 

CHANGES TO GOVE.RNM)JtNT FU:RNIS1fED PROPERTY: NONE 
(IF YES, THEN INSERT GOVERNMENT FURNISHED PROPERlY TABLES) 
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' .. • --CREW, ROBOTICS AND VEHICLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRAYE-ECS-P021Rl 

GOVERNMENT~SHEDPROPERTY 

The CRAVE contracts do not anticipate the Government providing any property or test 
facilities unless reqnested by the contractor in their response to a request for bid. 

In some rare cases (such as sDstaining engineering task) it is known ahead of time that 
government property will be provided to the contractor. In those cases the following list 
tilled out to aDow the proper control of government property: 

A. List of Property the Contractor Shall Replace with modified or upgraded versions: 

Item Quantity 

N/A ..... 1 ..... ~/~ ... ... , •.. 

I 

Table 1.1 

Acquisition Cost 

N/A ! N/A 

Date to be Furnished to the 
Contractor 

N/A 

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor]- List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. . 

B. List of Property the Contractor will return in the same configuration: 
Table 12 · LI~(·r~ 

, 
Date to be 

Acquisition Use of Property Furnished Item Quantity 
Cost Location to the 

. . ,,".- .. ,.",. ,. - .' -- -, . . '. .....• Contttctor 
¥ ••••• - ... , ... ... ., .. ,,-, .. ", ............. " .... --.. '" .. 

I N/A N/A .L N/A I N/A I N/A ! N/A 
. "',,, .. "'"'--''' 

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 
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" . - --CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER #: CRAVE.EC5.D02182 

GQyERNMENT FURNISHED PROPERTY 
(Continued) 

C. List of Property the Contraetor Shall Replace if Damaged or lost during the course of 
the etTort: 

Table 1.3 
Date to be . 

Use of Property : Furnished 
Location to the 

Contractor 
. . . .. ,_."_ .... , ..........•.•.. ', ...... , ~.-.. --------.. -.. --~.-.. " 

N/A :1 N/A L .... N/AJN!~ . .1 N/A N/A 

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List oj Property will he added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 

D. List of Property the Government Will Replace if Damaged or lost durina the course of 
theetTort: 

Table 1.4 
PIN SIN(or~ 

Acquisition 
Cost 

L,.J~!A ..... ,. t. N/A .. L",~'-~ .... 1 N/A .. I N/A 

Use of 
Property 
Location 

Date to be 
Furnished to ! 

the 
Contraetor . 

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 
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OPTION 2 TITLE: ~V~ ~if~ Suppo~ U~~i1ical System~ IV ~V ~ Ve!ticl~ Inte~ace 
Asse~"ly, i.t!~ ~VA Sld~ Connector Prototype B~iWF.bric~tion 

Background I Problem Description: 

~ NA~A has had time to evaluate the cOntractOr's progress and design cOncepts from the 
base cOntract and possibly Option 1~ NASA will then decide if'to enact the additional contract 
option(s). The intent of Option 2 is to reserve the optwn to enact it either in J)tu"allelor iIi series 
witll Option 1, Option 2 of the cOntract \Vill ent~l the design, analysis, fabrication, testing, and 
delivery of a prototyp~ ~V A Pf~ SuppOrt Umbilical System, an IV A/?V A V ehicl~ Iiltet'face 
ASsembly, and an EV;\ Suit Connector to be used in table-top laboratory testing and zero-gravity 
aircraft testing. This prototype \Vill no~ be us~d for vacuum chamber testing, manned testin~ or 
with oxygen-etu'iched gas, but these cases should be considered durfu.g the design artd fabrication 
of the hardware. The fabrication of the prototype will follow the design decisions made by 
N~A at the conclusion of the base contract and the requirements attached to this ~9W. 

Purpose of the Curren~ ~ff'ort 

Oite of the many issues that need to be address~d is the deterniination of th~ BV A Pfe Support 
Umbilical System, VIA, and Sui~ Connector cOnfiguration. As a beginning step in the design 
phase for the EVA Life Support Umbilical, VIA, and Suit Connector it is desir~d by NA~A to 
have a COntractor design, fabricate, POA test, and deliver a prototype system for use in the 
following flight environments: 1 } IVA Open Helmet/arnbient environment, 2} IV;\ Closed 
Helmet/ambient environment, 3) IVA Closed Helmet/vacuum environment. The prototype 
fabrication will follow the design decillions made by NASA in the base contract and the 
requirements as detailed in this SOW. The technical requirements for the IVA il.h4 ~VA r,SUSs, 
~ and Suit Connectors are expected to change during the Basic cOntract and NASA will 
notify the contractor of any changes. 

Task DesCription: 

Form Team 

Form It team that has the personnel required to track and perform. the requir~ tasks defin~ in 
the contract. The team is to be limited in the number of people to those who are requir~d to form 
an (lffective team and accOmplish the design. and penonh8.nce requirements of the cOlitract while 
minimizing the cOntract cost. The team shall solicit the input of expertise outside the team as 
needed to accomplish the task at hand. 

The contractor is to plan to accomplish the entire job without dependence on NASA effort, other 
than initial requirement input and NASA-specific knowledge or doCUtilentation. NASA's effort 
may provide expertise and additional depth of study but shall not be planned into the critical path 
to accomplish the study requirements. The potential availability of government participants for 
this task is described in the Appendix (below). 

Develop Task Assignments 
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Develop the appropriate task assignments for the umbilical design team. Since the exact nature 
ofthe expertise potentially available from NASA is need~d in order to do a cOmplete pl~ an 
adjustment to the plan provided in the contractOr'~ bid is expected to foriila1ize the NASA 
participation. This planliing adjustment shall not ~ect the scope of the contractor's work, but 
can increase or decrease the scope of NASA partiCipation from that included in the bid plan 
tasks. 

Scb¢uJe Project 

Develop a sCh~dule detailing the contractor's project plan, design process, anticipated milestone 
dates, and performance metrics. ~ince the exact schedule availability of the expertise available 
fro~ NASA which maybe needed in order to do a complete plan, an adjustment to the plan 
schedule provided in the contractOr's bid is expected to formalize th~ NASA partiCipation. This 
sChedule adjustment smtll not affect the scOpe of the contractOr's work but can increase or 
decrease the scope of NASA partiCipation from that included iti. the bid. 

Deslin a~t! Fabrica~ ~VJ\ ~~US! VIA, and Sui~ Connecto~ Prototypes 

Given the results ofthe trade studies, the design concepts developed and agre~d to by NASA in 
the base contract, the cOntractOr shall desi~ analyze, generate ProB models, generate drawings, 
fabricate, assemble, verify requirements, ?-DA test, and deliver a Prototype BV A. Life Support 
Umbilical System, IV A/EVA Vehicle Interface Assembly, and Suit Connector prototype for 
laboratory testing, Requirements verification testing performed at the cOntractor's facility should 
be done together as much as possible and should be cOmpleted in the presence of ~ NASA 
official. The focal points of the prototype design and fabrication shal.1 include the results ofthe 
trade studies, the design decisions made by NASA at the end of the base contract, and the 
prototype requirements supplied with this cOntract. 

Hardware Classification 

The planiled use of this hardware is in a laboratory environment and the prototype is proof of 
concept hardware only. The prototype hardware will not be used for life support purposes. 

System~ Engineering a~t! Documen~ IntegrJ)tion 

System-level and development-level requirements will ultimately be entered and managed into 
Constellation-identifie4 Cradle® requirements management softWare system. The contractor 
shall provide all documents to NA~A fur any requirements that differ or for new requirements. 
As NA~A persOnnel will have prime responsibility for this conversion and it is expected that 
contractor support for this activity will be riiini1Ila1. 

Generai Notes 

4. Th~ Cooper-Harper scale will be used to rate au the subjective requirements. 
5. The contractor must demonstrate best effort to meet the "should" statements in this 

document If a "should" statement cilnnot be met, the cOntractOr must explain why they could 

Pag~ Fof~7 



... 
.. 

CREW, ROBOTICS AND VEHICLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER H: CRAVE~EC5·DQ21m 

not meet the specific "should" statement and what the impact is in not meeting the "should" 
statement. 

6. If any technical requirements change during the design or building phase of the prototype, 
then the contractor will get authorization from NASA. 

Materials Data Delivery Requirements 

All materials information required to satisfactorily complete the CTSD Materials Usage Log. 
Specific materials test and analysis information related to Section 1.8.1 tbm 1.8.7 requirements 
shall be made available to NASA upon request. Procedure for approving the CTSD Materials 
Usage log is contained in CTSD document STB·E·083. 

Progress Reports 

The contractor will be required to provide NASA weekly status email detailing the current status 
of their work, what has been accomplished, what work is planned for the next week, what 
issues/problems (if any) have arisen, their plan to mitigate any issues/problems, and NASA· 
agreed to earned value performance and performance metrics. The contractor shall also provide 
t~hnical cost and schedule status as well as intermediate results of concept development and 
trade studies. The contractor will also be required to support a weekly telecon with NASA 

Generate Final Report 

The contractor is to generate and publish a report detailing their BV A Life Support Umbilical 
System, N AlEV A Vehicle Interface Assembly, and Suit Connector prototype design including 
assembly/maintenance instructions, operations instructions, what if any are the limitations or 
unique performance characteristics of their prototype, ap.d their findings/conclusions to meet the 
contract delivery requirements for the contract Option 2. The contractor shall also include their 
interface assumptions, identify issues/problems that have arisen, and their plan to mitigate those 
issues/problems. 
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CREW, ROBOTICS AND VEIDCLE EQUIPMENT (CRAVE) CONTRACT 
DELIVERY ORDER #: CRAV1li-ECS-D021R2 

DeJiyerables/Products: 

i.';···· . '. '.: ". 
'. 

: 
, 

'.' :. ...... 

h' I;' :' '. '. 
~g~: ·ais~ '.'. ··~eri:ti~n . 

,.'", '.,' 

1< I"· fro4Q,~·. ...... 00 '/.'.;" ... :." '. . ." ..... , .IL, .....•...... .. ; .. I'" ... ... ... , .. 

Hardware 

MockUp 

Prototype . 

Handling Aids 1 August 
31,2007 

EVA Umbilical 1 August 
31,2001 

Multiple Connector 2 August 
31,2007 

Stowage Bag 1 August 
3i,2007 

Suit Connector 1 August 
31,2007 

IV AIEV A Vehicle Interfuce Assembly 1 August 
31,2007 

Certification 
. 

Flight 
. 

Training 

Other 

Test 

5EA 
paper and August 

Verification Data Package CD 31,2007 

Software N/A 

.t\lle~ document deliverables 
shall be delivered in .doc and PDF 
ronnat which was generated directly 
withQiIt printing and scanning. All 
documentation delivered on CDIJ)VD 
should attempt to minimize the 
number of disks with different content 
(try to group muhiple docomen1s onto 

Other Products the same disk(s». 

Page 19 of 27 

'." , . 

';';.' 



·' 

J." 

II _ 
CREW, ROBOTICS AND VEIUCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER II: CRA VE-EC5-D921R2 

A comprehensive report (in 
addition to a MS PowerPoint 
presentation) detailing the 
contractor's prototype design, 
analysis of the hardware (i.e. 
FMEA, sample test data, etc.), 
assembly/maintenance instructions, 
operations instructions, what if any 
are the limitations or unique 5EA 

Prototype Design performance characteristics their paper and ,A~ 
Report prototype, and their conclusions. CD 31,2007 . 

A list which details all the materials 5EA 
the contractot used in the fabrication paper and August 

Materials Usage List of the prototypes. CD 31,2007 
All electronic models (ProlE) of 5EA August 

Electronic models prototype hardware CDs 31,2007 
, 

All drawingS. patterns, and specialized 5EA 
Drawings, Patterns, tooling developed for the tabrication paper and August 
and Tooling of prototype hardware CD 31,2007 

All work instructions and procedures 5EA 
developed for the fabrication and papcrand August 

Build Paperwork assembly ofthc prototype hardware. CD 31,2007 
A weekly e-mail detailing the current 
status ofthc CODtractor's work, what 
bas been accomplished, what work is 
planned for the next week, what 
issues/problems (if any) have arisen, 
the plan to mitigate any 
issues/problems. and intermediate 
results of cOncept development and 
trade studies. NASA-agreed to earned 
value perfonnancc and perfonnancc 
metrics and technical cost and 

Weekly Status schedule status sball be provided bi- 5EAc-
Report weekly. mail 
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CREW, ROBOTICS AND VElDCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER N: CRA VE--EC5-D021R2 

SCHEDULE 

Start Date: February 5, 2007 Finish Date: August 31, 2007 

. ¥~Eyt~~~r~~1~~~~~~~i;······'···' 
Prototype Design Documentation Complete 

J)esign, Fabrication, and Assembly of 
Prototype Hardware Complete 

Prototype Ve..mation Testing Complete 

Final Presentation of EVA Life Support 
U ... biJieaI, EV AVehiele lntet'face Auemblr, ad 
SuitConnedor DesigO, VerilieatioJl Data, and 
Interface Assumptions 

. Prototype Design Report Due 

Verification Data Package, Materials Usage 
List, Electronie Modds, DrawiBgs, Patte.,.., 
TooHng, and Build Paperwork Due 

June 1,2007 

July 24, 2007 

August 7, 2007 

August 21,2007 

August 31,2007 

August 31, 2007 

Milestones, along with subjective measurements, are to be used for measuring 
performance. 
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{;UANGES TO DRDs: 

.PATA REQUIREMENTS 

~! ~Rs contain~4 in the contract are applit;able and requir~d unless m~r~c! N!~ below. 

y 

N 

N 

N 

N 

y 

N 

N 

N 

N 

N 

ISpc:cifi4~ in DO N 
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CREW, ROBOTICS AND VEmCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRA VE-ECS-DOlIRZ 

DUE 
: , 

, 15' l\V:rltten.' GFE Software Design Document 
, , '" Approval Specified in DO As Required N 

!Engineeritig Drawings 
At Final 
!Presentation 

lance with Revisions 

: 17. ~~at" I$E Parts Lists and Analysis Report Specified in DO 
p. i' '. . . '.' . 

As Required 

\> l'<>. .•.... •..... ..... .' . . 
I, 18 ',. I¥fm~<!ry (:ritical Design Review Data 
r, i ~uQmittal Package· . 
k.,. .' .', . , 

Specified in DO Once with Revisions 

As needed As Required 

<,zJ;. ~~6FE Qualification Test Procedure Specified in Do 
. '. . ,'..... i.·' '.i .' 

Once with Revisions 

"'1"· rirrltten b,'gh' Prod G 'd 
,2" ~~al I"';"! t uctUser's me 

22 ~daiOry Software Code 
•..•... SubmiW11 

. 

. 23 [Written InfoJ:1I1lltion Technology (IT) 
. Approval Security Program Plan and Reports 

•...... '.' . Written' 
.24 

' .. ' Al>proval 
Certification Plan 

26 .. ~!~ry Engineering Analysis 

Mandatory' .. ' . 
27 Submittal Acceptance Data Package 

IMandatory 1-0. . • 28 Submittal I""xport Control Audi~ Results 

Specified in DO Once with Revisions 

Specified in DO As Required 

(30) days after DO 

~:!a~G [JPG2810.1 

~-810.1 

Specified in DO Once with Revisions 

$~¢ ~ pO .' onCe with Revisions 
.' . . 

Specified in DO As Required 

Specified in DO One Time 

!After award of 1st 
~O, yearly on iYearly 
Sept. 30 thereafter 

y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

y 

N 

N 

. 

29 Written Quality PI 
Approval an With Proposal h... Attachment 

~llce with Revisions J-11 
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CREW, ROBOTICS AND VEHICLE EQUIPMENT (eRA VE) CONTRACT 
DELIVERY ORDER #: CRA VE·ECS-D021R2 

'. . .. 

I. DIID TI'rLE 
I, .............. .......... ' 

. .. 
I 

' .. 
DUE 

. . ' ... ' . 
.•... ~o W

A
·• ritten

al 
.' lPatent Rights-Retention As Required As Required 

·· .. i pprov r" . 
>31 ;Wntten .'. Sh¢e/StationPayload Safety Data Specified in DO As Required 
.... • . Approval Package 

;32 ~~ory J.,irnited Life Systems List Specified in DO lAs Required 
'. ' ......... Sllbnnttal 

. A§J):~.~ pt()Ce~s As Required 
as posSIble.. . . . . 

. . 

Specified in DO fAs Required 

V, . .• ' 

Writtel1 
35 '. Approval 

S9ftwareQuality Assurance Plan 
~ort 

90 Days Prior to 
Software 
iDevelopment 

Once with Revisions 
, ... < .•... 

~ss Hazard Report Specified in DO 

lReliability and Maintainability Plan twith Proposal 

Government Certification Approval Specified in DO 
lRequest (GCM) 

As Required 

OneTime 

As Required 

t 39 Written '" IRisk Assessment Executive 
L. I\pproval Summary Report (RAESR) 

Specified in DO As Required . 
[,. 
: .. , 

I· 40 Written Problem Reporting and Corrective 
!Approval Action (PRACA) 

. " 
I . 

", ...... !Upon 
41. '.' In::'_~ 

.... ". fLW'.Iuest 
!Nonconformance Record 

2 business days of 
problem isolation 
bilt no later than 10 As Required 
days after 
detection 

Specified in DO lAs Required 

Government Industry Data Exchange Reported one time 
iMandatory 

, 42' SUbmittal Program and NASA Advisory when discrepancy Once with Revisions 
Problem Data occurs 

Electrical, Electronic, and 
43 Written 

Approval 
I· 

Electromechnica1 (EEE) Parts Specified in DO Once with Revisions 
Control PIan 

Ceriifi~tiCin Data Package 
'. . 

;,'C' W'fitteh " certificau()n and AcCeptance 
'··45 . APProval' "lRequirements DOCUIIlent 

I 
46 !Upon . Wage/Salary and Fringe Benefit 

[R~uest lOata 

Written 
47 !Approval GFE Acceptance Test Procedure 

48 iMandatory IFlight GFE Verification & 
Submittal Validation Report 

Once with Revisions 

At CDR Once With Revisions 

~(30)days 
after issuance of pnce 
each DO 

Specified in DO One Time 

Specified in Do pnce with Revisions 
. 
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III tilt 
CREW, ROBOTICS AND VEIDCLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER #: CRAVE-ECS~D021R2 

.. K;;'~dato Space Shuttle GFE Failure Modes 
49 ~~ttall)' and Effects Analysis (FMEA) and Specified in DO As Required 

I .. ' .. ' Critical Items List 

·····51 
... 

Reserved 

iMfmdatol)' NASA Contr8ctor Financial 
SUbmittal· Management Reporting 

'52'" Wpften Govermnent Property Management 
I .. • ... ··'.··· [Oval ·n.n_ '. . l"'PP . ..... .' f m,u 

., 53 '. ~:~ srstem~afety Plan •. 

Mer Issuance of [Monthly 
1st DO 

With Proposal Once with Revisions 

lWith Proposal OneTime 

N 

N 

Attachment 
J-7 

Attachment 
J-l0 

CHANGESTOGOYEHNMENTIDmYPSHEDPROPERty: NONE 
(IF YES. THEN INSERT GOVERNMENT FURNISHED PROPERTY TABLES) 

Page 25 of27 

. 

'. 

'. 



f, 

II II 
CREW, ROBOTICS AND VEHICLE EQUIPMENT (eRA VE) CONTRACT 

DELIVERY ORDER ##: CRA VE-EC5-D021R2 

GOVERNMENT~SBEDPROPERTY 

The CRAVE contracts do not anticipate the Government providing any propertY Or test ' 
facilities unless requested by the contractor in their response to _request for bid. 

In some rare cases (such as sustaining engineering task) it is known ahead of time that 
g9V~rnlPell* Property will be provided to the contractor. In those cases the foDowing list 
fined out to allow the proper control of goverllment property: 

, 

B. List of Property the Contractor Shall Replace with modified or upgraded versions: 

Item Quantity 

Table 1.1 

Acquisition Cost 

N/A 
I Use of Property, ' 
. Location . '.""'" ... 

I N/A 
"'1 

Date to be Furnished to the 
Contractor 

N/A 

pnsert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property will beadtkd as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 

B. List of Property the Contractor will return in the same configuration: 
Table 12 ..•. Cl~(M~ Date to be 

Item 
Acquisition Use of Property )j'~rm~h~~ , Quantity. ' 

Cost Location to the 
! ." ."..' .. .. . -, ' " ....... " 

Contractor _ ...... ", ..... 

N/A I N/A L N/A I N/A I N/A I N/A 
. ~--,."-" 

pnsert a description of the item(s), quantity, acquisition cost, and date the property will be 
furnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to provide property is determined to be in the best interest of the 
Government. 
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GOVERNMENTFWWffiffiHEDPRQPERTX 
(. Continued) . - -. 

D. ~ist ~f Property th~ Contractor Sh~l! Replace if Damag~d or lost during the course of 
the eft'ort: 

table 1.3 

..... [l1i§l!1'fadesci'iptiO'flof the item(s), quantity, acquisition cosi, and date theproperty wm b~ ., 
furnished 10 the Contractor] - List of Property will be added as requtr(mlen/s are further 

.. iclei!tiJ!ecltl1!4 ~~dete'rmination to provide property is determined to be in the best interest of the 
. Government;· 

D. ~ist ~fProperty th~ Governmen! W~! Replace ifDamag~ or lost during the course of 
tbe effort: 

table 1.4 

[Insert a description of the item(s), quantity, acquisition cost, and date the property will be 
jurnished to the Contractor] - List of Property will be added as requirements are further 
identified and the determination to pravide property is determined to be in the best interest oj the 
Government 
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'; .~_~ III1d SpiICe MnIniIIInIIlon 
,,< 

l.yndon I. Joh ..... SpilCe Center ORDER FOR SUPPLIES OR SERVICES Page 10f 3 
Houaan, TX 77051 

1. OrderNo. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO, 
NNJ05Hllo4OB, CRAVE D021R1 S .. Block 10 Below 

Certified for National Defense under DPAS (15 CFR 700) OO-C9 

S. Issuing Office: 4. Ship To: 
NASA Johnson Spece Center, 2101 Nasa Parkway Transportation Officer, Building 421 
Houston, TX 77058-3696 NASA Johnson Splice Center 
Org.lBuyer: BH2lMlrv Thorn- Houston, TX 77058-3696 

Mark For: Accountable Property 

Tel No.: 2I!1-4QS!!28 Fax: 281--483-41~ Order No.: HN.!!25t1B40B ~RAVE 002181 
E-mail: -- "''''' 
5. Contractor: 6. Deliver On or Before: 1W1!l/O!! to !!l31107 

F.O.B. Point: DESTINATION 
Oceaneering Space Systems 
16665 Space Center Blvd Discount Terms: Net SO Days. 
Houston, TX 77058 

7. BILLING ADDRESS: 

Phone: (281) 22&-5371 x Fax: (281) 228-5545 NASA Johnson Spt1C8 Center 
Attn: LF231/Accounts Payable Group 
Houston, TX 77058-3696 

TIN: 115-2628227 CAGE CODE: 2F262 Order No.: NNJ05HB40B, CRAVE D021R1 

8. Type of Order: 

0 PURCHASE: Please furnish the followi~ In 0 DELIVERY: Except forth, Terms and Conditions of Purchase 
accordance with the conditions specifi on this order. Order listed on the following page, this delivery order is sUblect to 
Reference: __ instructions contained on this form and is issued subject to he 

terms and conditions of contract number: __ 
. 

9. Written acceptance ofthis order by contractor lD ] is, [181 ] is not 10. Name: Ronald Johnson 
required. Sign below if required and return to contracting officer. 

Name: __ (Person authorized to sign) Signature:f~""'I1Q.bl"JAo A N>. Date:'3/LJ1tJ7 Signature: Date: -- CONTRACTW(30Fl=lCER ' 
11. Schedule v 

I1EM 
DESCRIPTION 

QUANTIlY 
UNIT 

UNIT QUI\NTIlY 

NO.' ORDERED PRICE 
AMOUNT 

ACCEPlBl 

LIFE SUPPORT UMBILICAL SYSTEM 

CRAVE DO 21, Rev 1 III '-*I to perform the fallowing 1ICtiviIIea: 

1 1. Rev .. the St.tement of Work to accommodllte the addlUonel 
work performed on the bMellne. . 

2. 1...,..,..- the 00 beHllne wlue by 1 !4- from $ Iolf 0 LOT /y'J b'-f If addllonal work performed on the beisellne. 
3. I:X_ upllone 1 and 2 .. prepriced in the IMHIine. LOT 4. Extend the period of performance from 1M11O!! to 11131107. 

Cheng .. to page ., of the Statement of Work baseline III attached Ind 
haw been vertically IlIIr-mlirked. 

_ next ptlgft 

. 

12 For JSC Internal Use Only: ' , 13. Total 
Requisition No.: MfA 0 COMPo 0 PART. PPC: --
RissueTo: EC/~oe genii!!. l@002S For: ECINI!lQ!! JQ[~a!l, x39] ~Z 

$ NTE 635,734 

14. Quantities in 'Quantity Accepted" Column Have Been \ 

0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO THE CONTRACT. 
ACCEPTANCE Will BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Repr_ntative Date 
JSC Fonn 1<1211 (Rev Nov .... ber 10, 201M) (MS Word Aug'" 1815) 
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.d .. No.: s:!U¥Ii:GI-D02l8:1 ~RDER FOR SUPPLIES OR SERVLfS PAGE2of3 
(CONTINUATION SHEET) 

SCHEDULE 
DESCRIPTION 

QUANTITY UNIT ~~ AMOUNT QUANTITY 
IlEM OIUlEREO ACCEPTED 

LIFE SUPPORT UMBILICAL SYSn:M 

00 21 VALUE RECAP: 

THIS ACnON REVISED 
PRIOR 0021R1 CUM VALUE 

BASE ~~ Opn~1 
OPTI 2 

TOTAL REVISED VALUE = $835,734 

THIS IS A CPFF DELIVERY ORDER 

'. 

,I 

~ 

J8C Fcnn 1421 _borl0 .2004) (MS WOtdA Il0l1 
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CREW, ROBOTICS AND VEHICLE EQUIPMENT (CRAVE) CONTRACT 

DELIVERY ORDER II: CRAVE-EC5-DOlIRl 

5. Connector Study - The contractor shall perform a trade study to determine the best way 
to connect two umbilicals to a suit at once while minimizing mass. This situation might 
arise in the case of an LSAM to CEV contingency EVA lunar orbit transfer. 

Prototype Conceptual Design 

The contractor shall develop design concepts for the LSUS, VIA, and Suit Connectors. The 
requirements for this hardware are found in the Prototype Umbilical Requirements document and 
are subject to change. These concepts are due at the end of the basic contract and shall include 
the following items: 

1. Universal Muhiple Connector - The contractor sball complete the conceptual design of 
four umbiliw multiple connedon. This includes preliminuy mass, volume, and 
pressure drop analysis as well as making a volumetric mock-ap oraeb of tbe design 
eandidates. 

2. N A Umbilical- The contractor shall design a short, N A umbilical. 
3. EVA Umbilical- The contractor shall design a long, EVA umbilical. 
4. Stowage Container - The contractor shall design stowage container(s) for the N A and EVA 

LSUSs. The contractor shall consider the requirement to rapidly deploy the short umbilical as 
well as the desire to manage the long umbilical during use. The stowage envelope, shape, 
weight, and center of gravity shall be estimated as well as a stowage and deployment 
operations concept. 

5. Handling Aids - The contractor sball design handling aids for the transport, stowage, 
deployment, and operation of the EVA and N A umbilicals. 

6. Vehicle Interface Assembly - The contractor shall design Vehicle Interface Assemblies for 
both tbe EVA and N A applications. . 

7. Suit Connector - The contractor shall design suit connectors for interfacing with the N A and 
EVA umbilicals. 

Materials Data Delivery Requirements 

All Materials information required to satisfactorily complete the CTSD Materials Usage Log. 
Specific materials test and analysis information related to Section 18.0 requirements shall be 
made available to NASA upon request. Procedure for approving the CTSD Materials Usage log 
is contained in CTSD document STB-E-083. 

Progress Reports 

The contractor will be required to provide NASA weekly status email detailing the current status 
of their work. what has been accomplished,what work is planned for theneX't week, what 
issues/problems (if any) have arisen, their plan to mitigate any issues/proQ,lems, and NASA
agreed to earned value performance and performance metrics. The contrafior shall also provide 
technical cost and schedule status as well as intermediate results of conc~ development and 
trade studies. The contractor will also be required to support a weekly telecon with NASA. 

" 

Generate Final Report 

Page 6 of 59 
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~ III1d s.,.,. Admlnlolration 

ORDER FOR SUPPLIES OR SERVICES Page 10f 2 I Lvndan II. Joh ....... s.,.,. ~ 
.......... TX 77051 

1. Order No. 2. Date of Order NOTE: MARK ALL PACKAGES AND PAPERS WITH ORDER NO. 
NNJ05HB<IOB. CRA VE-ECs.D021 See Block 10 Below 

Certified for Natlontll Defense under DPAS (15 CFR 700) DO-C9 

3. Issuing OMce: 4. Ship To: 
NASA Johnson Space Center. 2101 Nasa Parkway Transportation OMcer. Building 421 
Houston. TX 77058-3696 NASA Johnson Space Center 
Org.lBuyer: BH2IMIrv Thorn. Houston. TX 77058-3696 

Mark For: Accountable Property 

Tel No.: :la1-483-81128 Fax: a!!1-244-0995 Order No.: t:lMJ!!!!I:!B40B. !;<RA)lE-Ecs.gQ21 
E-mail: -~ I.OOV 
5. Contractor: 6. Deliver On or Before: lMl!l!!!! II! Q1/2610Z (!!lit} 

F.O.B. Point: DESTINATION 
Oceaneering Space Systems 
16665 Space Center Blvd Discount Terms: Net 30 Days. 
Houston. TX 77058 

7. BILLING ADDRESS: 

Phone: (281) 228-5371 x Fax: (281) 228-5545 NASA Johnson Space Center 
Attn: LF231/Accounts Payable Group 
Houston. TX 77058-3696 

TIN: 115-2828227 CAGE CODE: 2F282 Order No.: NNJ05HB40B. CRAVE-EC5-D021 

8. Type of Order: '. 
0 PURCHASE: Please furnish the followl;p In 0 DELIVERY: Except for the Terms and Conditions of Purchase 

accordance with the conditions specifi on this order. Order listed on the following page. this delivery order is sUblect to 
Reference: __ instructions contained on this form and Is Issued subject to he 

terms and conditions of contract number: __ 

G. Written acceptance of this order by contractor ~ ] is. [0 ] is not 10. Name: Robert Kolb 
required. Sign below if required and return to contracting omcer. 

Name: ;(2 (pe~(cled~gn) 
Signature: __ OU~_--' ~ Date: lQlf, ..... op Signature: ~FICER Date: II).I]·~ 

11. Schedule 
ITEM 

DESCRIPTION 
QUANTIlY 

UNIT 
UNIT 

AMOUNT 
QUANTIlY 

NO. OROEREO PRICE ACCEPTB> 

INTRAVEHICULAR ACnVITYIEXTRAVEHICULAR ACTMlY LIFE 
SUPPORT UMBILICAL SYSTEM. VEHICLE INTERFACE ASSEMaL Y 
AND SUIT CONNECTbR CONCEPTUAL DEVELOPMENT AND 
PROTOTYPING 

1 The contractor shall perform and dallver to all .. requiremellla or Lot h..J CRAVE-ECs.D021 _ deecribed In the Statement of Work. 

Period or Perfonnance: 10/16108 to 0112M>7 (bee) 

2 OPTIONS: 
The Government may require the conIrector to continue to perform 
.-vice. under tl* delivery order. The COBb .. Allig 0IIIcer may exerelee 
OptIon 1 and Option 2 COIlCUITentIy or Independently by Issulnce of In 

12. For JSC Internal Use Only: "". 13. Total 
Requisition No.: __ o COMPo o PART. PPC: -,-- $ NTE674.167wl 
RlssueTo: EC/JQe Gensler, x30025 FQ!; EC/Nicole Jordan, x3912Z Options 

14. Quantities in "Quantity Accepted" Column Have Been , 
0 INSPECTED o ACCEPTED 0 RECEIVED 

TO CONFORM TO-=rHE CONTRACT. 
ACCEPTANCE WIU BE AT JSC UNLESS BY: 
OTHERWISE NOTED. 

Authorized U.S. Government Representlltive Date 
JSC Form 1-4a (Rev November 10. 2004) (MS Word Augusl1995) 



,Jrder No.: CRAYE-EC1..QQ21 ~DER FOR SUPPLIES OR SERVIt..~S PAGE 2 of2 
J (CONTINUATION SHEET) 

SCHEDULE 
ITEM DESCRIPTION ~ UNIT UNIT AMOUNT QUANTITY 

PRICE ACCEPTED 

unilateral delivery ord« revision. Should the optione be exercised, the 
resultllnl dellverv order rev.wn witl be Dliced out. foHows, 

OPTION 1 
(E.tlmated Period of Performanca: CY2/05I07to 10105107) LOT 

OPTION 2 (If IIeued concurrantly wi Option 1) LOT Iff 
(Ellllmaled Period of Performance: 35 weeD after aulhorizltlDn to 8Iart 

OPTION 2 (If laaued Independently) LOT 

THIS IS A CPFF DELIVERY ORDER. FUNDING IS AT THE CONTRACT 
LEVEL. THE CONTRACTOR IS NOT AUTHORIZED TO EXCEED THE 
DELIVERY ORDER VALUE. 

., 

I 

JSCFonn 4 1 :Ie (Roy _be< 10. 20(4) (MS WOod Auguot IS1116) 


